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CHAPTER 1.

INTRODUCTION

Non-invasive diagnosis and assessment of coronary artery disease represent a
major challenge for cardiologists. Currently, provocative testing coupled with
techniques which reveal myocardial ischaemia are increasingly employed.
The ideal test should be safe, practical, cheap, with a very high accuracy.
Electrocardiography and nuclear imaging have been extensively used in
conjunction with stress testing, and their advantages and limitations are now
well documented (1-7).

Stress echocardiography is a relatively new technique, based on the
detection of new wall motion abnormalities as a marker of myocardial
ischaemia by ultrasonographic techmiques. There is a growing interest in
stress echocardiography, which offers advantages over the established
methods and represents an alternative to more sophisticated techniques.

RATIONALE OF STRESS ECHOCARDIOGRAPHY

The basis of stress echocardiography relies on the metabolic pathways of the
myocardial cell. At rest, 60% of the high-energy phosphate derived from the
metabolism of the cell is utilized for contractility, 15% for relaxation, 5% for
electrical activity. The remaining 20% is necessary for maintaining cell
integrity (8). These so called "wear and repair" processes represent a
metabolic priority for the cell. Thus, during ischaemia, when the support of
phosphates is decreased, the first activity to be reduced is contractility.
Regional dysfunction is directely related to reduction of regional blood flow,
and represents a sensitive "semiquantitative” index of regional ischaemia (9).
The relationship between subendocardial flow and systolic wall thickening is
represented in Table I.



reduction of subendo-
cardial blood flow

TABLE I

reduction of
myocardial thickening

20%
50%
80%

15-20%
40%
100 %

Reduction of subendocardial

blood flow >80% generally extends to

subepicardium, and results in dyskinesis. Regional myocardial dysfunction
can be detected by two-dimensional echocardiography.

ULTRASONIC MARKERS OF MYOQCARDIAL ISCHAEMIA

The ultrasonic markers of regional myocardial ischaemia are represented in

Table II.
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TABLE I

reduction of systolic
- inward motion of LV wall
REGIONAL DYSSYNERGY =—— AXkinesis = absence of systolic

Hypokinesis

il

\ motion of LV wall
Dyskinesis = paradoxical systolic
motion of LV wall
WALL
SYSTOLIC WALL THICKENING IN PERCENT
CAVITY —-—— LEFT VENTRICULAR DILATION
AORTIC VELOCITY Aortic peak flow velocity
Aortic flow velocity integral
DOPPLER MITRAL VELOCITY E/A ratio

COLOR FLOW Acute mitral regurgitation

The cardinal signs of transient myocardial ischaemia involve left ventricular
wall. The three grades of impaired wall motion represent an arbitrary
classification, based on subjective semi-quantitative analysis of images. In
this respect, intraobserver and interobserver variability should be minimal to
maintain acceptable clinical reliability of the diagnosis of hypokinesis.
Theoretically, decreased systolic wall thickening is a more sensitive sign of
myocardial ischaemia than wall motion. Regional wall motion can be affected
by other non-ischaemic factors, such as left bundle branch block, volume
overload, post-operative paradoxical septal motion, tethering by adjacent
segments. Moreover, systolic wall thickeming is an active process and
represents the true expression of contractility. Generally, both wall motion
and systolic thickening are evaluated when echocardiograms are analysed for
the assessment of transient myocardial ischaemia.



Transient left ventricular cavity dilation is an ancillary sign of
ischaemia, and often accompanies impairment of wall dynamics (10).
Sometimes, an increase in systolic left ventricular dimension is the first
echocardiographic sign that becomes evident during ischaemia.

Doppler signs of systolic or diastolic dysfunction are less sensitive
indicators of ischaemia; rather, they point to the extent of myocardial
ischaemia (11). Theoretically, diastolic dysfunction precedes systolic
dysfunction, but the clinical application of indices of diastolic function has
not been found superior to wall motion analysis from two-dimensional
echocardiogram (12).

STRESS ECHOCARDIOGRAPHY VS NUCLEAR CARDIOLOGY

Radionuclide stress techniques have been extensively applied for both the
diagnosis and evaluation of myocardial ischaemia due to coronary artery
disease. Both radionuclide angiography and perfusion scintigraphy have been
demonstrated to have good diagnostic accuracy in a large series of studies
(13-16). Thus, stress echocardiography has been compared to coronary
arteriography (the anatomical reference method) and/or nuclear techniques
(the reference method for the diagnosis of myocardial ischaemia). However,
from a pathophysiological peint of view, some important differences between
the two techniques exist. First, the end-points of stress echocardiography and
perfusion myocardial scintigraphy are different. Positivity of perfusion
scintigraphy relies on the detection of a relative difference in perfusion
between myocardial segments supplied by different arteries (6). Therefore,
the presence of myocardial ischaemia is not essential for a positive test. On
the contrary, ischaemia 1is the diagnostic end-point for stress
echocardiography. This important issue can explain the lower specificity of
perfusion scintigraphy when compared to stress echocardiography (17).

Another important difference with practical implications is represented
by the recognition of the time of onset of myocardial ischaemia. Myocardial
scintigraphy is performed without on-line assessment of imaging, while with
stress echocardiography wall motion can be monitored, which allows
identification of the time of onset of ischaemia (18). The test can be stopped
when new or worsened wall motion abnormalities are observed. Thus, stress
echocardiography is potentially safer than perfusion scintigraphy, where
menitoring is achieved by elusive markers of ischaemia such as chest pain
and ECG changes. Finally, the information derived from the time of onset of
ischaemia is relevant for prognostication of patients (19).

16



STRESS MODALITIES

Many different stress methods have been used in conjunction with
echocardiography, including exercise (bicycle or treadmill, with
echocardiographic recording at peak or immediately post-exercise) (20),
atrial pacing (intracavity and more recently transesophageal) (21), and
pharmacological agents (dipyridamole, adenosine, dobutamine, arbutamine)
(22). Transesophageal atrial pacing and recording have been successfully
applied (23), but it is unlikely that this "semi-invasive™ approach will replace
precordial echocardiography, at least for routine clinical practice.

Exercise echocardiography

Dynamic exercise is the most physiological type of stress and the most
popular test for eliciting myocardial ischaemia. Physical activity is the usual
way by which ischaemia is provoked during daily life, and a diagnostic test
that reproduces these events will provide the most clinically relevant
information. Different modalities of exercise can be adapted to two-
dimensional echocardiography. In Europe, bicycle exercise is by far the most
common type of dynamic stress test, and is usually performed in the upright
position. Bicycle exercise offers some advantages over treadmill when
echocardiographic imaging is coupled.

17



TABLE III

COMPARISON OF BICYCLE AND TREADMILL EXERCISE
ECHOCARDIOGRAPHY.

ECHO IMAGING BICYCLE TREADMILL
Quality ++ -
Throughout exercise yes no

Peak exercise yes no
Post-exercise yes ves

Generally, echocardiographic images are recorded at rest and immediately
after exercise has been terminated. Parasternal long- and short-axis, and
apical four- and two-chamber views are usually recorded, both at rest and
post-exercise, in the same left lateral position. Some disadvantages of this
method shoul be outlined:

1) although rest images are usually of good quality, deterioration immediately
after stress occurs. This is mainly due to excessive breathing causing
respiratory artifacts and making the heart moving in and out the examining
plane:

2) theoretically, myocardial ischaemia can be short lasting. In the presence of
milder degrees of ischaemia, wall motion abnormalities may reverse
quickly after termination of exercise. Thus, the real extent and severity of
ischaemia may be underestimated, limiting the potential role of post-
exercise echocardiography as a prognostic tool:

3) with this "two-step" protocol, only rest and post-exercise images are
recorded. Myocardial wall motion and cardiac function are not monitored
throughout the entire study, and the ischaemic threshold (i.e., the
minimum workload at which wall motion abnormalities begin to occur)
cannot be evaluated.

The use of two-dimensional echocardiography in conjunction with stress
testing was first reported in 1979 (24). However, despite promising results
and initial enthusiasm (25-31), some technical problems hampered its
widespread application. Successful imaging was possible in only 70-80% of
patients, the overall image quality was suboptimal, the images at peak
exercise are very difficult to apalyse, and the comparison between rest and
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stress images was made going "back and forward" on the videotape in order
to detect subtle changes in wall motion. Reference images at rest were kept in
mind and compared with those obtained at stress. Furthermore, peak images
were often represented by isolated cardiac cycles interrupted by respiratory
artifacts. In this way, analysis was difficult and tedious, thus hampering
routine application. These drawbacks and the concomitant emergence of
radionuclide techniques limited the widespread wuse of exercise
echocardiography.

Two factors renewed the interest in exercise echocardiography in the
mid 1980's. First, technological advances in ultrasound equipment improved
the image quality, and second, digital processing techniques were introduced
and combined with echocardiographic imaging. These technical innovations
increased the availability and acceptance of the technique significantly.

Supine bicycle ergometry is another stress modality. There are some
differences between upright and supine posture during bicycle exercise (Table
IV). A higher workload is attained in the upright position, with a greater
increase in left ventricular systolic function and arterial pressure.

TABLE IV

HAEMODYNAMIC DIFFERENCES BETWEEN UPRIGHT AND SUPINE
BICYCLE ERGOMETRY.

UPRIGHT SUPINE
HEART RATE +++ ++
BLOOD PRESSURE +++ ++
WORKLOAD +++ + 4+
STROKE VOLUME ++ ++
CARDIAC OUTPUT +++ ++
LVED PRESSURE ++ +++
LVED VOLUME ++ + 4+
WALL STRESS ++ + =+
LV CONTRACTILITY ++ 4+ ++

From a practical point of view, these conclusions can be summarized:

19



1) Echocardiographic images can be combined with all types of dynamic
exercise;

2) whatever exercise modality used, digital recording and cine-loop display
of echocardiographic images are necessary for interpretation of the test;

3) treadmill stress test only allows for echocardiographic imaging at rest and
immediately after interrupting exercise. Recording at peak stress is
possible with bicycle ergometry;

4) supine bicycle echocardiography (32) offers the advantage that all views
can be recorded, while in the upright position it is limited to the apical and
subcostal wiews;

5) the technique is highly dependent on the ability of the operator to record
good images. When a post-exercise protocol is used, the time interval
between cessation of exercise and recording is extremely important. This
is the major limiting factor for the interpretation of the results of the test.

The latter point and the fact that at least 30% of patients referred for the
assessment of myocardial ischaemia are unable to perform an adequate
exercise led to the search for "alternative” stress methods.

Atrial pacing stress test

The difficulties in performing and the artifacts interfering with the
interpretation of exercise stress echocardiograms stimulated investigators to
lcok for alternative stress methods. There 1is experimental evidence
supporting the concept that during atrial pacing there is a redistribution of
flow (33), resulting in a reduction of subendocardial/subepicardial blood flow
in the presence of a coronary stenosis (34). In the past years, the feasibility
of transesophageal atrial pacing was limited by excessive discomfort for the
patient. Recently, the improvement in pacing electrodes and technology
allowed to lower the current intensity, and as a result transesophageal atrial
pacing is now better tolerated.

The protocol for the test is based on atrial pacing started at 110
b/min, with increments every two minutes by 10 b/min, until a heart rate of
150 b/min is achieved. This stage is then maintained for 5 minutes, if no wall
motion abnormalities are induced. Premedication with atropine (0.02 mg/Kg
iv) should be used in patients with a low Wenckebach point (21).

Only few investigators have assessed the feasibility, the safety, and
the diagnostic utility of transesophageal atrial pacing in conjunction with
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precordial echocardiography for the diagnosis of coronary artery disease
(35). More recently, Lambertz et al (23) combined the use of simultaneous
transesophageal pacing and transesophageal echocardiography. Despite
excellent initial results, it remains to be proven whether this approach is
superior to the usual transthoracic approach in clinical practice. It is likely
that this method will be confined to patients with poor precordial
echocardiograms or for research purposes, e.g. when quantitative data are
requested.

Cold pressor test

Sometimes, the exposure to cold may worsen the anginal pain in patients with
coronary artery disease. The mechanisms involved are mostly related to an
increase in peripheral vascular resistance and possibly in the coronary
arteries. The increase in blood pressure results in an increase in afterload
which is one of the major determinants of myocardial oxygen consumption.
However, only two studies have been reported in the literature on its
application combined with ultrasonic imaging (36,37) and a low diagnostic
accuracy was found. Thus, the value of cold pressor test as a provocative test
in conjunction with two-dimensional echocardiography appears to be limited.

Handgrip

Handgrip is an alternative stress modality in patients unable to perform
exercise. The sudden rise in blood pressure due to the isometric exercise
increases myocardial oxygen demand. The test is ideal in combination with
two-dimensional echocardiography as the lack of motion and hyperventilation
does not limit image quality. However, heart rate and cardiac output are not
significantly increased. Data on two-dimensional echocardiography during
isometric exercise are limited (38,39). Ideally, the test may be combined with
other pharmacological stress agents, as dipyridamole or adenosine, to further
increase the potential for inducing ischaemia via a different mechanism.

Pharmacological stress

Although exercise is the most physiological method to achieve a maximal
level of stress, some patients are unable to perform conventional exercise



stress testing adequately. Such limitation can be due to lung disease,
peripheral vascular disease, central nervous system disorders, deconditioning,
or orthopedic problems. Moreover, technical problems related to
echocardiographic monitoring during dynamic exercise stimulated the use of
pharmacological stress agents.

Pharmacological stresses are ideal partners of imaging methods in
general and of echocardiography in particular. The patient maintains the same
left lateral decubitus throughout the test, avoiding hyperventilation, and the
heart can be adequately imaged from different windows and in different
views, in search for new wall motion abnormalities. Moreover,
pharmacological stress allows continuous meonitoring and ischaemia can be
detected from its omset. The ischaemic threshold can thus be evaluated and
the test safely performed.

a. Dipyridamole

Dipyridamole was the first pharmacological agent used for stress
echocardiography (40). The physiological basis for inducing myocardial
ischaemia and its mechanisms of action have been extensively reviewed (41).
The vasodilator effect of dipyridamole is related to the increased plasma level
of endogenous adenosine. Dipyridamole acts by inhibiting adenosine-
deaminase (the enzyme that converts adenosine into inosine) and by
preventing adenosine re-uptake into myocardium. The haemodynamic
mechanism responsible for dipyridamole-induced ischaemia is related to a
decrease in oxygen supply to a region supplied by a critical coronary artery
stenosis by a "steal effect”.

After the initial experience with a cumulative dose of 0.56 mg/Kg
over 4 minutes, Picano and coworkers reported acceptable values of
sensitivity and a very high specificity for the diagnosis of coronary artery
disease using a higher dose (0.84 mg/Kg over 10 minutes) (42). Nowadays,
this is the protocol used for dipyridamole stress echocardiography.
Aminophylline, which blocks the adenosine receptors, is the antidote of
dipyridamole. It is administered intravenously (70-240 mg) for rapid reversal
of dipyridamole-induced myocardial ischaemia and for treatment of side
effects.

The test has been applied for detecting the presence of multiple vessel
disease in patients after a first myocardial infarction (43), in the pre- and
post- angioplasty evaluation of patients mostly with one-vessel disease
(44,45), for prognostication of patients with chest pain or with previous



myocardial infarction (46). Finally, the multicenter Echo Persantin
International Cooperative Study (EPIC) provided a large amount of data on
the safety, the diagnostic accuracy, and the prognostic value of dipyridamole
echocardiographic test (47,48).

b. Adenosine

Based on the mechanism of action of dipyridamole, some investigators
proposed the use of the "second messenger” adenosine to achieve a
vasodilatory effect (49). The main feature of adenosine is its extremely short
half-life, but the depression of sino-atrial or atrio-ventricular node function
can result in bradyarrhythmias. The nature of the side effects of adenosine
are similar to those of dipyridamole, and aminophylline is used as antagonist.
From a theoretical point of view, the clinical application and the results of
adenosine as a stress agent should be similar to those obtained with
dipyridamole. However, until now few data are available on adenosine stress
echocardiography (50), and more data are requested to assess the safety and
the diagnostic accuracy of this test.

¢. Arbutamine

Arbutamine is a new catecholamine producing increases in heart rate and
myocardial contractility. Arbutamine is administered intravenously through a
computerized delivery system designed to monitor the patient’s heart rate and
blood pressure. In this way, the amount of drug delivered is based on the
heart response to the drug. There are only preliminary results on the potential
role of this drug as a stress agent for the diagnosis of coronary artery disease
(51).

d. Dobutamine

Dobutamine is a synthetic catecholamine, which has the property to stimulate
betal, beta2, and alfal-adrenoceptors in the cardiovascular system. The
apparent selective inotropic effect of dobutamine is due to the alfal-
adrenoceptors located in the heart (52). The drug increases also heart rate
and, to a lesser degree, blood pressure, causing an increase in myocardial
oxygen demand. Direct beta2-adrenoceptor-mediated activity in the
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peripheral vasculature induces substantial vasodilation. Its mechanism is more
"physiological” than dipyridamole, and is similar to exercise stress testing
(exercise simulator).

Different protocols have been wused for dobutamine stress
echocardiography. The following aspects are of importance:

1) Iow-dose infusion (5-10 mcg/Kg/min) elicits a pure inotropic response with
mild increase in myocardial oxygen demand, and is used to evaluate
viability of the myocardium;

2) a 3-minute intervals for increments in dosage of 10 mcg/Kg/min up to 40
mcg/Kg/min represent a compromise between pharmacokinetic properties
of dobutamine and feasibility of the test;

3) the addition of atropine on top of dobutamine infusion increases the
sensitivity of the test, particularly in patients on beta-blocker therapy,
without loss of specificity (53);

4) intravenous beta-blocker is the antidote to reverse dobutamine and atropine
side effects.

The use of high-dose dobutamine as a stress agent was not very widespread
until recently. However, increasing evidence is accumulating that the test is
accurate and reproducible for the diagnosis of coronary artery disease and
very suitable for use in conjunction with echocardiographic monitoring in
many different clinical settings (54).

PRACTICAL ASPECTS OF STRESS ECHOCARDIOGRAPHY

1) Criteria of a positive test

The identification of ischaemia is based on the comparison between rest and
images during stress. Thus, the pattern of contractility at rest clearly
influences the response of the left ventricle to stress. Two clinical conditions
should be considered:

a. Normal wall motion at rest..

In this situation, a stress-induced wall motion abnormality can be considered
as a marker of myocardial ischaemia. The type of induced dyssynergy
(hypokinesis, akinesis, or dyskinesis) identifies different grades of severity of
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ischaemia (see Table II).

In general, identification of regional akinesis or dyskinesis is easy.
Less clear is the definition of hypokinesis. There is no clear transition
between normal contraction and hypokinesis, and the final assessment relies
on subjective evaluation. Moreover, in most cases, hypokinesis of one region
is defined upon a relative hyperkinesis in other segments, rather than absolute
deterioration of wall motion as compared to resting wall motion. This is
particularly true when inotropic stress modalities are used, such as exercise
or dobutamine. Furthermore, in patients performing stress echocardiography
on antianginal medication (expecially beta-blockers}, the "normal” response
to stress is unpredictable; thus, the relative comparison of wall motion of
different segments becomes less reliable.
b. Abnormal wall motion at rest.

bl. Hypokinetic segments.

The diagnosis of stress-induced ischaemia in segments which are already
hypokinetic at rest is probably the most difficult aspect of stress
echocardiography for several reasons. First, the term hypokinesis includes a
continuous spectrum of a decrease of wall motion, from minor degrees to
severe impairment. Secondly, the normal response of a hypokinetic segment
to exercise, inotropic stimulation, and also vasodilatory agents, should be an
increase in contractility. at least during the first stage of the test, and before
myocardial ischaemia develops at a higher stress load. Thus, how should we
interpret the absence of this improvement or the return to hypokinesis after a
transient improvement? Clearly, a deterioration of wall motion (e.g., from
hypokinesis to akinesis or dyskinesis) is considered as indicative of the
presence of myocardial ischaemia.

b2. Akinetic segments.

Akinetic segments are generally not scored for the presence of residual
myocardial ischaemia. A worsening from akinesis to dyskinesis can be due to
increased ventricular loading conditions rather than true ischaemia,
expecially during exercise or dobutamine stress test. However, there is both
experimental and clinical evidence that akinetic myocardium can be viable
but ischaemic (55), with an improvement of wall motion at early stages of
exercise (or at low-dose of dobutamine or even at low-dose of dipyridamole
infusion) and later return to akinesis. The potential advantages of this
"integrated” evaluation of stress echocardiography remain to be studied.



Although the visual analysis of left veniricular wall motion depends on the
complex spatial integration performed by human eyes throughout the entire
stress test, in the studies of this thesis the following criteria for a positive test
result have been used:

*normal wall motion at rest:
-development of any dyssynergy (hypokinesis, akinesis, dyskinesis) during
Stress:

*abnormal wall motion at rest:
-hypokinesis: worsening of contractility between rest and peak images;
-akinesis, dyskinesis: not analysable.

2. Criteria for the interruption of a pharmacological stress test

a. The left ventricular wall is monitored by echocardiogram during
pharmacological stress test; thus, any stress-induced wall motion abnormality
identifies the presence of myocardial ischaemia and represents the most
reiiable end-point and the standard criterium for terminating the test. In this
way, safety of pharmacological stress echocardiography has been assured and
proven in large series of patients (47). However, the interruption of the test
when the first wall motion abnormality occurs may limit the potential value
for the identification of all the diseased vessels, including stenoses of lesser
degree than the culprit lesion. The balance between a complete evaluation of
myocardial ischaemia and the safety of the test when the first new wall
motion abnormality is not used as an end-point has not yet been determined
and represents an area of future research.

b. The test is generally terminated when ST segment depression occurs.
However, there is no agreement on the degree of ST segment depression
which should be considered for discontinuation of the test. As wall motion
abnormalities usually occur before ECG changes, reasons for terminating the
test on the basis of ST changes are very rare.

¢. Chest pain, particularly if severe and of anginal type, is always a reason
for the termination of a stress test, even in the absence of new wall motion
abnormalities.

d. Age-predicted maximal heart rate is an end-point of a dobutamine stress
test, and represented by far the most frequent reason of interruption of
infusion in a large series of patients at Thoraxcenter (56).



e. Severe side effects: chills, life-threatening arrhythmias, and dyspnea with
dobutamine; and bronchospasm, bradyarrhythmias, headache, dizziness,
nausea with dipyridamole may occur, but rarely require termination of
pharmacological stress test.

f. Hypotension may occur during dobutamine infusion. Different criteria for
hypotension has been used and its frequency varies between 11 and 20%. In
the first studies on dobutamine stress echocardiography, a2 drop in systolic
blood pressure of >20 mmHg was considered indicative of global myocardial
dysfunction (as with exercise testing), and thus a sign for interrupting the
test. However, no correlation was found between new wall motion
abnormalities and the occurrence of hypotension during the test (57,58). The
most likely mechanism for hypotension is 2 dynamic left ventricular outflow
obstruction (59).

3. Technological development of stress echocardicgraphy (60)

The application of digital recording techniques to stress echocardiography has
facilitated both the performance and analysis of the tests. Digital frame
grabbing systems permit to capture a series of frames of a single cardiac
cycle, selected on the basis of its high quality, either off-line or on-line.
These frames are usually eight, with a 50 msec interval starting from the R
wave of electrocardiogram. Thus, a period of 350 msec is explored,
representing the systolic phase for a wide range of heart rates. Once
digitized, the images can be played in an endless-loop sequence and
represented in a single-, dual-, or quad-screen format. Since only a single
cardiac cycle is needed to create the cine-loop sequence, digital technigues
have significantly reduced the image acquisition time. This is particularly
important for immediate post-exercise imaging. where respiratory artifacts
deteriorate image quality, and recording time must be minimal in order to get
adequate information before subtle wail motion abnormalities may resclve.

In stress echocardiography, digital technology provides the
opportunity to store standard views at rest and to capture all the
corresponding post-exercise images. Then, selected pre- and post-exercise
cine-loops are re-mixed and represented on one or two quad-screen format.
By convention, rest images are displayed to the left of post-exercise images
to allow immediate comparison of side-by-side rest/stress studies. Moreover,
the continuous cine-loop display allows an unlimited time for review and
facilitates a frame-by-frame analysis. This improves the ability to detect



subtle wall motion abnormalities. With digital techniques, storage, ‘retrieval
and display of stress echocardiograms are favorably affected. A1} entire stress
study can be stored on a simple hard-disk, floppy-disk or optlcal-chsi;, and

serial studies easily compared. .

Digital techniques may be less important for phan:ﬂacologl.cal stre.:ss
echocardiography. A video recording aliows good qual{ty studies. With
pharmacological stress, image quality is less affected by artifacts due to chest
movements, hyperventilation or tachycardia.

METHODS USED IN THIS STUDY

In the studies reported in this thesis, stress echocardiography (either with
exercise or with pharmacological agents) and myocardial perfusion
scintigraphy have been performed in different groups of patients and in
different clinical conditions. Some practical aspects on the protocols of
echocardiographic tests are briefly reported.

Exercise protocol

Baseline blood pressure, 12-lead ECG, and cross-sectional echocardiogram
are recorded at rest, with the patient lying on the left lateral decubitus.
Position of precordial ECG leads is adapted in order to avoid interference
with acoustic windows. All standard views are obtained (parasternal long-
and short-axis, apical four- and two-chamber), when possible, and recorded
on videotape and digitized on-line. Then, symptom-limited upright bicycle
exercise testing is performed. Approximately one minute before the test is
stopped, radiotracer (either 201-TI or 99m-Tc-MIBI) is injected in an
antecubital vein while the patient continues to exercise. Immediately after the
end of the test, the patient layes in the same left lateral position on the bed,
and stress images are acquired. For simultaneous nuclear studies, acquisition

is done after 5 minutes when 201-T1 is used, or I hour later, when 99m-Te-
MIBI is used.



Pharmacological protocols

Some methodological aspects are similar to both dobutamine and
dipyridamole. An infusion line is placed in an antecubital vein and the ECG
is monitored throughout the test. Twelve-lead ECG is recorded with the same
modalities as for exercise testing. Blood pressure is recorded from the arm
not receiving the drug. Baseline echocardiogram is recorded on videotape.
Digital acquisition is obtained, when needed.

Some end-points of the test are common to both drugs: chest pain,
typical ST segment changes, significant side effects, completion of the
proiocol, and obvious stress-induced wall motion abnormalities. Antidotes
(amynophylline for dipyridamole, betablockers for dobutamine) and nitrates
are at hand, and all the equipment for cardiopulmonary resuscitation should
be readily available.

Dobutamine stress test

Dobutamine is injected by an infusion pump with stepwise increments. The
protocol used at the Thoraxcenter has changed throughout these studies. In
the first patients we started with an initial infusion rate of 5 mcg/Kg/min.
Every 3 minutes the infusion rate was increased with increments of 5
mcg/Kg/min, until an infusion rate of 40 mcg/Kg/min was reached. A
negative test could therefore last up to 24 minutes. In a later group of
patients the protocol was shortened by starting the first infusion step at 10
mcg/Kg/min and using increments of 10 mcg/Kg/min. Hence, the protocol
was shortened to 12 minutes. In case the target heart rate was not reached,
and the test was still negative, duration of the highest infusion rate was
prolonged up to 6 minutes, while atropine (0.25-1 mg iv) was added to obtain
a more pronounced chronotropic effect.

Metoprolol is injected to reverse lomg-lasting myocardial ischaemia
and severe side effects.

Dipyridamaole stress test

Patients referred for a dipyridamole test had to stop theophyliine drugs at
least 48 hours before the test and were not allowed to take any caffeine-
containing beverages at least 12 hours prior to the test. In our laboratory,
dipyridamole was injected at an infusion rate of 0.14 mg/Kg/min for 6
minutes (total dose 0.84 mg/Kg). This is not the standard protocol for the



dipyridameole stress echocardiography, and it was used in patients primarily
referred for myocardial scintigraphy. Aminophylline was injected in case of
prolonged ischaemia (240 mg) or severe side effects, and also in the negative
tests {70 mg) at the 15th minute, to abolish completely the haemodynamic
effects of the dipyridamole.

STUDIES PRESENTED IN THIS THESIS

This thesis presents the initial experience on stress echocardiography done at
the Department of Cardiology, University Hospital of Rotterdam. The main
purposes of this research were:

1) to assess the safety and feasibility of stress echocardiography;

2) to evaluate the sensitivity and specificity of stress echocardiography for
the detection of coronary artery disease;

3) to compare the results of stress echocardiography with those obtained at
myocardial perfusion scintigraphy;

4) to compare the results of different pharmacological stress agents in the
same group of patients.



PATIENT STUDY GROUPS IN THE PRESENT THESIS

STRESS MODALITY STUDY PATIENTS SELECTION Nr OF PTS

Exercise Ch2 Referred for scintigraphy 103
{suspected ischaemia)
*non-diagnostic X-test
*equivocal X-test
*positive X-test

Exercise Ch3 Referred for scintigraphy 75
*normal ECG at rest
*coronary angiography

Exercise Ch 4 One-vessel disease 44

Exercise Chs Isolated LAD stenosis 21
(derived from Ch 4)

Exercise Ché Candidates for PTCA 26
Pre- and post-PTCA

Dobutamine Ch 8 Chest pain 52
Referred for angiography

Dobutamine/Dipyridamole Ch9 Chest pain 46
Referred for angiography

Dobutamine Ch 10 Referred for scintigraphy 105
Suspected ischaemia

Dipyridamole Ch Il Risk stratification 89
Early post-MI
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The comparative value of exercise echocardiography and 99m
Te MIBI single photon emission computed tomography in the
diagnosis and localization of myocardial ischaemia
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To determine the relative value of exercise two-dimensional echocardiography and 99m Tc methoxyisoburylisonitrile singie

photon emission computed tormography (MIBI SPECT) for the detection of myocardial ischaemia, 103 consecutive
patients with either proven or suspected coronary artery disease, who were referred for perfusion scintigraphy, were studied
by a combination of the nwo rechnigues during the same svmptom-limited upright bicycle exercise test, Appropriate
echocardiographic images were recorded bothatrest and immediately posi-exercise and subsequently analysed by means of
digital cine loop processing. Both echocardiographic and MIBI SPECT images were visually analysed. For each technique,
three different responses to exercise were defined: normal { absence of rest and exercise abnormalities ) : ischaemic { transient
scintigraphic perfusion defects and transient wall motion abnormalities during exercise echocardiography); and fixed
abnormalities (fixed scintigraphic perfusion defects; echocardiographic wali motion abnormaiities at rest without worsen-
ing after exercise ). To allow a valid comparison of each technigue in localizing ischaemia, the left ventricle was divided into
the following six major regions for both methods: anterior. posterolateral. inferior, interventricular septum (subdivz’ded in
anterior and posterior septum) and apex.

Eleven of the 103 patients had to be excluded from the final analysis because of unsatisfacrory examinations: seven with
non-interpretable exercise echocardiograms and four with non-interpretable MIBI SPECT images. The response to
exercise was concordantly classifted by both technigues in 84% of patients (k =0-78 ). Exercise echocardiography revealed
the presence of ischaentia in 38 and MIBI SPECT in 45 patienis (agreement=77% ). When regional analysis was
performed, concordance of exerciseechocardiography and MIBISPECT was observedin91% of the 552 regions (k=0-81),
while agreement for the presence of myecardial ischaemia was lower (72% ), with a trend for a higher occurrence aof
transient perfusion defects in posterolateral and inferior regions and in patients with previous myocardial infarction.

Ir the 30 patients without previous myocardial infarction who underwent coronary angiography, the sensitivities of
exercise ECG, echocardiography and SPECT for the diagnosis of coronary ariery disease (diameter stenosis 250% )
were 56%, 70% and 77%, respectively.

and analysis of two-dimensional echocardiograms(!®'".

Three previousreports haveindicated that theinformation
derived both from exercise and phammacological stress
echocardiography compares favourably with that derived
from planar TI 201 scintigraphy in the diagnosis of
coronary artery disease!™'", However, the recent intro-
duction of single photon emission computed tomography
(SPECT) and the use of 99m Te methoxyisobutylisonitriie
{MIBIasa myocardial perfusion agent have significantly
improved thediagnosticaccuracy of thescintigraphictech-
nique for the detection of myocardial ischaemial'>'%, So
far, the agreement between exercise-induced wall motion
abnommalities (detected by echocardiography) and tran-
sient perfusion defect {detected by MIBI SPECT) for the

Introduction

It has been demonstrated that reversible regional left ven-
tricular wall motion abnormalities occur as a result of
stress-induced myocardiatischaemia in both experimental
and clinical studies” ™, and that two-dimensional echocar-
diography can detect such wall motion abnormalities®11.
Thus, stress echocardiography and more particularly
exercise echocardiography, the most physiological and
commonly used type of stress, have been the subject of
increasing interest because of the availability of computer-
assisted image processing which facilitates the acquisition
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diagnosis, localizatior and quantification of myocardial
ischacmia has not been explored.

Accordingly. the aim of this study was to establish the
correlation between the two tests in 2 consecutive group of
patients with proven or suspected coronary artery disease,
who were presented for scintigraphy and in whom stress
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echocardiography and MIBI SPECT were stmulzancousiy
applicd. )

Methods
PATIENTS SELECTION

The study group consisted of 103 consecutve patients
referred 10 the laboratory of nuclear cardiclogy at the

Thoraxcenter for the evaluation of suspected myocardial .

ischaemia. who were simuitaneously studied by exercise
echocardiography and MIBI SPECT. Their zges ranged
frdm 30 to 78 years (mean 5549 years). There were §0
males and 23 females, Eleven patients were excluded from
the analysis: seven because of inadequate echocardio-
graphic images and four because of poor quality MIBI
SPECT images. Twenty-nine patients had a previous
myocardial infarction. The scintigraphic study was
requested for the following clinical reasons: a previous
non-diagnostic routine ECG exercise test and suspected
myocardial ischaemia; the need 10 localize 2nd to quantify
the area of myocardiai ischaemia in patients with a posi-
ve exercise test. of to assess the functional significance of
coronary lesions in patients with an equivocal ECG cxer-
cise test result, At the time of the study, 52 patients were
receiving antlanginal therapy including beta-blockers
either administered alone {12 patients) or in combination
with nitrates and/or calclum channel blockers (24
patients). The other 16 patients were receiving calcium
chanuel blockers, cither alone (four patients) or in
combination with oral nitrates (12 patients).

Exercise testing procedare

Symptom-timited upright bicycle ergometry was per-
formed with stepwise increments of 20 W every minute.
Twelve lead ECG and blood pressure were recorded at
rest and at 1 min intervals during the exercise and
recovery phases. Three ECG leads (II, V2. V3) were con-
tinuously monitored before, during and after exercise.
The level of the 8T segment was calculated. after signal
averaging, by a computer-assisted system (Cardiovit
C8G/12, Schiller). The ECG exercise 1est was classified as
ischaemic when 2 > | mm horizontal or downsloping ST
segment depression occurred 80 ms after the J point, The
test was classified as non-diagnosticin cases of atypical ST
segment change or when left bundle branch block or left
ventricular hypertrophy was present.

MIBI SPECT imaging at rest and after exercise

Before the exercise test, an intravenous cannula was
mserted in an antecubital vein. Approximarely 60 s before
termination of exercisc, aninjection of 370 MBq of 99m Tc
MIBI was administered. Ten minutes after the injection. a
5 gsorbitol tablet was given to accelerate the hepatobiliary
clearance of the tracer, The exercise MIBI SPECT images
were acquired, on average, 1 h after exercise. Imaging was
performed with a Siemens Gammasonics singie head
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Figure I A diagrammatic representation of SPECT images. The
six short acds slices and the three vertical long axis shices used For
perfusion analysis are shown.

Rota-camera (Orbiter) equipped with 37 photomultiplier
tubes, a 1¢m Nal crystal and a low energy all-purpose
collimator. Thirty-twe projections {180° scanning) were
obtained with an acquisition tire of 45 § per projection.
The digitizing matrix (64 x 64 word mode) was s¢lected in
the mid portion of the camera image by using a zoom
factor of \/ 2. The tomographic data were processed on a
Gamma 11 computer system with a floating point pro-
cessor. Transaxial tomograms were reconstructed with a
commercially available SPETS package (Nuclear Diag-
nostics AB, Hagsten, Sweden). The direction of the left
ventricle long axis was determined from two orthogonal
views (anterior and lateral). Usinga joy stick, the approxi-
mate centre of the left ventricle and the direction of the Ieft
ventricular long axis were determined. From these two
long lines, the three-dimensional direction of the left ven-
tricular long axis was computed. Oblique (short axis) and
sagittal slices (vertical long axis), perpendicular and
parallel to the long axis respectively, were reconstructed.
For cach patient, six oblique (short axis) slices were
defined from the apex 1o the base and three sagittal slices
from the septum to the lateral wall, For resting studies,
patients were injected with 370 MBq of 99m Tc MIBY at
least 24 halter the exercise study, using the same protocol.

REST AND POST-EXERCISE ECHOCARDIOGRAPHY
Two-dimensional echocardiograms were recorded at
rest and immediately after exercise, using either a 35 or
2-5 mHz transducer and a Hewlett Packard Sonos 1000
systern. Multiple imaging planes, including conventional
parasternal long and short axes, apical two- and four-
chamber and apical long axis, were gbtained at rest, with
the patient lying in the left lateral decubitus position.
Transducer positions on the chest wall, which allowed
cptimal maging. were marked before the exercise test,
When the transducer position coincided with the position
of one of the precordial ECG leads. the ECG electrode
was placed one intercostal space lower. After reaching the
exercise endpeint, the patients were immediately placedin .
the same left lateral position and the echocardiograms



PSAX

/
Nap LAX / 2CH

=
.

4CH
~

Figure 2 The 14 left ventricular segments analysed by echocardiography. The anterior
region comprises segments 2 and 7; the posterolateral region, segments 3 and §; the inferior
reglon. segenents 4 and 9; the posterior septun. segments 5 and 10: the anterior sepnom,
segments 1 and 6; the apex, segments 11, 12, 13, 14. PLAX! parasternal long axis view;
PSaX: parasternal short axis view: AP4CH: apical four ¢hamber view: AP2CH: apical two

chamber view; APLAX: apical long axis view.

were quickly repeated with the. transducer in the
premarked positions.

All the echocardiographic studies were recorded both
on videotape and using a digital cine loop system (Nova
Microsonics PreVue III. ATL). This system was set up
to capture on line eight consecutive echocardiographic
images with an inter-image sampling interval of 50 ms.
Using this interval, the eight frames spanned a period of
350 ms after the R wave, allowing complete analysis of
systole over a wide range of heart rates. Images of one
representative cardiac cyele obtained from cach of four
different views (parasternal long axis, short axis at
papillary muscle level, apical four-chamber and two-
chamber) were derived al rest and served as baseline for
interpretation of subsequent changes. Multiple apical
views, Including the apical long axis view. were used
instead of parasternal views when these gave higher image
quality. Afwer exercise, the computer-based system
allowed the capture of four consecutive cardiac cycles.
The operator then selected the cycle with the highest
image quality. Thus, two different quad screen formats
showing the pre- and post-cxercise views side-by-side
were finally stored on a 13-4cm, double-sided. high-
density floppy disk. To analyse wall motion, these images
were subsequently reviewed as a continuous loop at vari-
ous play-back speeds. In additon. the videotape record-
ings were used 1o examine multiple echocardiographic
views (including short axis at different levels and apical
jong axis views), Lo monitor the recovery phase and 1o

obtain off-line digital recordings when the on line images
were incomplete or technically inadequate.

INTERPRETATION OF MIBI SPECT AND EXERCISE
ECHOCARDIOGRAPHY

Tocompare rest and exercise MIBI SPECT uoages, the
short axis and sagittal slices were used. Each of the six
short axis slices were divided into eight equal segments,
vielding a total of 48 segments. The apical region was
assessed {rom the three central sagittal cross sections,
yielding 2 total of 484 3=351 segments {Fig. 1). One
experienced observer visually assessed the uptake of
radiotracer in both rest and exercise studies, giving a serni-
quansitative score based on a scale of five (1=normal,
2=slightly decreased uptake, 3 =moderately decreased
uptake, 4=severely decreased uptake, S==‘absence’ of
uptake). A zlobal perfusion score index was calculatéd by
summing the score for each segment and dividing by the
number of segments analysed. A persistent perfusion
defect was Jefined when a score =3, in one or more seg-
ments, was present both during exercise and at rest. A
persisting score of 1, representing a dubious defect, was
considered 1o be normal. Moreover, it was decided, In
advance, 1o consider a2 non-reversible defect of the septal
sepments i the basal 2 short axis slices as normal. A
perfusion defect was considered reversible when the score
at rest improved bysat least one grade with respect to the
exercise scan. A significant but incomplete improvement
of perfusion from the exercise to the rest scan (persistence



of at least one segment with & score =3 in the rest scan)
was regarded as an ischaemic response and. for the
purpose of data analysis, included with the reversible
defects.

On the echo images, the left ventricular walls were
divided nto 14 segments. as described by Edwards ez 2.1
(Fig. 2). A visual analysis was performed, evaluating both
systolic wall thickening and inward wall motion. Each
segment was graded as normal (including hyperkinetic)=
1, hypokinetic =2, akinetic =3, or dyskinetic= 4, A global
wall motion score index was calculated by summing the
scores assigned to c¢ach segment and dividing by the
number of segments vissalized. The resting and post-
exercise images were compared in a side-by-side manner.
An ischa¢mic response to exercise was defined as (1) a wall
motien deterioration of one or more grades in an arca
which was normal at rest; {(2) a worsening of wall motionin
a segment which was hypokinetic at rest. A normal study
was defined as normal wall motion both at rest and after
exercise in all ventricular regions. The patients with fixed
wall motion abnormalities were classified in a third, separ-
ate group. Both tests were separately interpreted by twe
experienced observers, blinded to the results of any other
clinical data or test results. In case of disagreement, the
final interpretation was based on the judgement of a third
observer.

The results obtained by the two methods were then
compared. To compare the site of the perfusion abnor-
malities with the localization of the regional wall motion
abnormalities, the 51 ventricular segments imaged by
scintigraphy were combined into six major regions (Fig.
1). Similarly, the 14 echocardiographic segments were
grouped into six corresponding regions, denoted as
anterior (segments 2 and 7). posterolateral (segments 3
and 8). infedor (segments 4 and %), interventricular
septum, subdivided in anterior (segments | and 6) and
posterior (segments 5 and 10), and apex {segments 11, 12,
13, 14) (Fig. 2).

INTER- AND INTRAOBSERVER VARJABILITY OF EXERCISE MIBI
SPECT AND ECHOCARDIOGRAPHY

Toassessinterobserver variability, 43 rest/post-exercise
¢chocardiograms were reviewed by an independent inves-
tgator unaware of either clinical data. angiographic or
MIBI SPECT results, One investigator subsequently
reviewed 24 of these examinationsatleast 1 menth afterthe
first interpretation. Similarly, 20 MIBI SPECT examin-
ations were assessed by two independentinvestigators and
twice by one of them. Theinterobserverand intra-observer
varability for the final interpretation of the tests were
assessed by calenlating the percentage of agreement, the x
coefficient and its standard error™®.

COROGNARY ANGIOGRAPHY

Coronary angiograms using the Judkins technique were
performed within 2 months in 51 patients. Significant
coronary artery disease was visually defined as a diameter
stenosis = 50%.
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STATISTICAL ANALYSIS

All continuous variables were expressed as mean+SD.
The agreement between MIBI SPECT and exercise echo-
cardiography was defined as the percentage of concordant
diagnoses and it was also assessed by calculating the
kappa (x) value and its standard error; x values between
0-6 and 1 were considered indicative of good agreement.
Global wall motion score indexes were compared using
standard correlation statistics. McNemar's test was used
to compare percentage between paired data. P values
< 0-035 were considered significant.

Results

FEASIBILITY ANTY REPRODUCIBILITY OF THE TESTS

The bicyele exercise test and echocardiographic studies
were completed in all patients without complications.
Seven patients were excluded from analysis because of
technically inadequate post-exercise echocardiograms
and four patients because of poor quality MIBI SPECT.
Thus, 92 of 103 patients had 2nalysable data with both
1315 and were included in this study. In 15 patients para-
sternal views were inadequate (in seven both at rest and
after exercise and in eight only after exercise) and there-
fore only the apical views were analysed. The mean time
intervals between the end of exercise and the recording
of the first and the last echocardiographic mages were
21412 and 82+ 29 seconds respectively (ranges § to 42
and 32 to 140 s}. During this perod, heart rate decreased
by 15+5 beats. min~'. The acguisitior of siress MIBI
SPECT began 1h after peak exercise. Therefore, the
immediate recovery phase could be monitored by echo~
cardiography without interfering with the MIBI SPECT.
The analysis of echocardiographic images required about
15 min for each study. and was significantly shorter than
the analysis of scintigraphic studies, which required
approximately 1h including tme for processing and
interpretation.

Intra-observer and interobserveragreerent for the final
interpretauon of echocardiographic images was 92% (k=
0-84.SE=0-2yand 91% (x =0-81, SE={-14), respectively.
ForMIBISPECT.intra-observerandinterobserver agree-
ment occurred in 90% (k=0-8, SE=0-22) and 85% (k=
0-70. SE=0-23) of patients, respectively.

RELATIGNSHIPS BETWEEN WALL MOTION AND MYOCARDIAL
PERFUSION -

The results of exercise echocardiography and MIBI
SPECT in the 92 patients are compared 1n Fig. 3. Overall
agreement for the final diagnosis occurred in $4% of
patients (x =0-78, SE=0-09). A reversible perfusion defect
was found in 45 patients (in 27 with 2 complete normaliz-
ation of perfusion at rest); exercise echocardiography was
concordantly categorized as ischaemic in 35 of them
(agreement for ischaemia = 77%). Of the 10 patients with
discordant results, six had a totally reversible and four a
partially reversible perfusion defect. In 9 patients the site of
the reversible perfusion defect was the inferior and/or the
posterolateral wall. In 21 of the 35 patients who exhibited
ischaemiz on both tests, the site of the perfusion defect



( ECHO
Non-
Nerma!  Reversible  reversible
Normal 29 4 i
~ .
<
o Reversipie 4 35 [
)
Noe~ | o
. reversible .1‘}
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Figure 4 Comparison of rest/post-exercise perfusion and wall
_motion pattera in 552 Jeft veatricular regions examined.

was identical to the site of wall motion abnormality. In 12
patients a partial concordance was found, since in at least
one region both perfusion defect and waill motion abnor-
mality were coincident. Of the remaining two patients. the
first showed posterolateral wall motion abnormality with
an anterior perfusion defect, the second developed apical
and inferior septal wall moton abnormality while a
perfusion defect was found in the posterolateral regon.

Amongthe 552 ventricular regions analysed. the overall
agreement between exercise echocardiography and
SPECT was 91% and the x value was 0-81 (SE = 0-03) (Fig.
4). Of the 94 regions with reversible perfusion defects,
transient wallmotion abnormalities were seen in 68 (agree-
ment for ischaemia==72%}. The extent of the perfusion
defectsand of the ventricular wali motion abnormalities
evaluated by means of the global score indexes correlated
both atrest and after exercise {r=:0-86, P<0-001:r=0-79.
F£<0-001). - .

The relation between transient wall motion abnormali-
ties and reversible perfusion defects in the subgroups of
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Figure §  Agresment between transient wall motion abnormalities
(Echo+) and reversible perfusion defects (SPECT +) separalely
analysedin paticnts with and without previous myocardialinfarction.

patients with and without previous myocardial infarction
are represented in Fig. 5. In both subgroups, transient
perfusion defects without new or worsened wall motion
abnormalities were present in five patients; the incidence
tended 1o be higherin paticnts with a previous myocardial
infarction (15% vs §%, ns).

RELATION OF MIE1 SPECT AND EXERCISE ECHOCARDIOGRAPHY
WITH ECG EXERCISE TEST

Sixty percent of the patients achieved 85% of their
maxima! predicted heart rate. Mean work load was
159438 W, maximal heart rate and maximal systolic
blood pressure were 138425 (beats . min~ " and 180428
(mmHg). respectively. According to the symptoms and
ECG changes induced by the exercise test, 39 patients had
ischaemia. 27 had & non-diagnostic result, and 26 were
normal. Figure 6 shows the relation of exercise ECG test
to MIBI SPECT and echocardiographic results,

CORONARY ANGIOGRAPHIC FINDINGS

Of the 55 patients who underwent coronary angiog-
raphy. significant coronary artery discase was present in
51. Among 30 patients without previous myocardial
infarction, the sensitivities of ECG changes, echocardio-
graphic changes and trangient perfusion defects on
SPECT imaging for the detection of coronary artery
disease were 56%, 70% and 77%, respectively.

Discussion

Myocardial perfusion scintigraphy is used to improve
the accuracy ofexercise testing to diagnose ischacmia duc
1o coronary artery disease. The widespread usage of per-
fusion scintigraphy is limited by the high cost of the pro-
cedure, the exposure of the patients to radiation, and the
need for nuclear medicine facilities which are not avail-
able in all centres. Echocardiography. performed in con-
junction with different kinds of stress, bas been proposed
as a feasible, safe and low cost aliernative technique. This
prospective study was undertaken 1o compare exercise
echocardiography, integrated with 2 cine loop acquisition
svstem, to MIBI SPECT in terms of thar ability to elicit
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Figure$ Comparison of rest/post-exercise SPECT and echocardiography in

patients with different ergometric responses.

an ischaermic response. Qur data demonstrate that exer-
cise echocardiographay and MIBI SPECT provide similar
information about the response 1o exercise and confirm
the few studies so far reported which compare stress echo-
cardiography with perfusion scintigraphy!L However,
the methodology and part of the results of the present
investigation differ from previous studies In several
aspects.

Our primary goal was to establish the potential role of
exercise echocardiography as an alternative to perfusion
scintigraphy. Thus, our stady group included patients
referred for radionuclide study rather than coromary
angiography. Therefore, we did not use coropary ang-
ography as a standard. Instead, we compared the func-
vonal consequences of myocardial ischaemia detected by
the two non-invasive methods. Since a new wall motion
abnormality detected by exercise echocardiography
represents 2 functional consequence of myocardial
ischaemia, it seems more appropriate to relate exercise
echocardiography to perfusion studies than to the
coronary anatomy alone,

Secondly. we used SPECT imaging with 99m TeMIBlas
perfusion tracer, whereas prior corrclative studies
employed T} 201 planar scintigraphy. This tomographic
method avoids the superimposition of individual ventricu-
lar walls and provides better definition of specific regions.
thusproviding more sensitivity for the detection of individ-
ual coronary artery stenosest 9. Moreover, when 99m Te
MIB] is used instead of TI 201 as a myocardial perfusion
tracer, myocardial definition is improved and ischaemic
segments are better differentiated from fixed perfusion
defects!'®.

Thirdly, echocardiographic images were obtained and
myocardial perfusion defined with 99m Tc MIBI SPECT
during the same exercise test. Also, echocardiograms were
recorded and displayed using 2 digital cine loop syslem,
thus reducing the interference of post-exercise tachy-
pnoea and allowing side-by-side comparson of rest and
post-exercise images. This improves the guzlity of the
exercise echocardiography and facilitates the analysis.

In the present study. satisfactory echocardiograms
were obtained in 93% of patients; this is consistent with
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the success rate reported by other investigators using
comparable methodology™. It is worth noting that in the
present study no patient was excluded from analysis on
the basis of poor image quality on the resting echocardio-
gram. Also, the results of post-exercise echocardiography
are strongly dependent on the ability of the operator to
record good quality images quickly after exercise is
stopped. Despite these limitations, echocardiography is
feasible immediately after upright bicycle ergometry in
most patients and can be combined with simultaneous
MIBISPECT. Ithas been documented that delayed image
acquisition can reduce the sensitivity of TI 201 scanning
to detect perfusion abnormalities™ whereas 99m Tc
MIBI allows imaging [ h after the injection. Therefore,
MIiBI SPECT is more switable than TF 201 for correlative
echocardiographic studies.

RELATIONSHIP OF MYOCARDIAL PERFUSION TO REGIONAL
LEFT VENTRICULAR FUNCTION

The results of the present study indicate a good corre-
lation between regional perfusion and regional wall
motion, both at rest and after exercise. consistent with
previous findings with  stress/redistribution  planar
Thalium scintigraphy™” and with Thallium SPECT
imaging at rest™. In addition. the data of the present
study suggest that MIBI SPECT detects more patients,
and more ventricular regions, with “ischaemia’, This is
especially true in patients with previous myocardial
infarction or when “ischaemia® gccurs in the inferior or
posterolateral regions.

Thercare several explanations for *false-negative” echo-
cardiographic studics, such as the rapid recovery of small
exercise-induced wall motion abnormalities®*) and
hyperdynamic contraction of normally perfused segments
adjacent to the site of new wall motion abnormalities,
Moreover, In patients with previous myocardial infare-
tion, exercisc-induced wall motion abnormalities are
difficult to detect because of significant wall motion
abnormalitics at rest.

Finally. it should be underlined that perfusion imaging
detects maldistribution of flow, which is not always



accompanied by new wall motion abnormalities, which
are the mechanical consequence of a real ischaemia.

STUDY LIMITATIONS

Some limitations of the present study should beacknow-
ledged. First of all, both regiona! wall motion and myo-
cardial perfusion were assessed visually. A more objective
method would be desirable, but is not yet available,
Quantitative analysis of exercise wall motion assessed by
echocardiography has been attempted in normal individ-
vals™, However, the qualitative approach has been
preferred by the majority of the investigators®'%. The
difficulty of correcting for cardiac motion, which is
accentuated by fast breathing, hampers the application of
algorithms for quantirative regional wall motion analysis.
Conversely, our experience and that of other laboratories
indicates thatquantitative MIBISPECT produces reliable
information™. ]

Secondly, coronary angiography was not used as the
“gold standard” in all patients. However, we do not feel this
is 2 major limitation, since our goal was 10 compare the
value of two different tests 1o assess the functional signifi-
cance of coronary disease. It would not be correct to 2ssess
the diagnostic vaiue of the tests in patients in which the
application of coronary angiography was strongly depen-
dent on the test results. Moreover. we have previously
assessed the diagnostic accuracy of the two methods™.

In conclusion, thisstudy indicates generally good agree-
ment between echocardiography and MIBI SPECT with
respects to the response to exercise, Agreement is highest
when the tests are normal or show fixed abnormalities.
However, SPECT imaging may detect ‘ischzemia” more
frequently than echocardiography, particularly in inferior
and posterolateral regions and in the presence of previous
myocardial infarction.

We are most grateful to Margret Straver and Marion
Verdijsseldonck for their friendly support and technical assistance
during this study. .
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CHAPTER 3.

Exercise echocardiography and technetium-99m MIBI single-photen

emission computed tomography in the detection of coremary artery
disease.

MMA Pozzoli, PM Fioretti, A Salustri, AEM Reijs, JRTC Roelandt.

Am J Cardiol 1991;67:350-5.
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Exercise Echocardiography and Technetium-29m

[Bl Single-Photon Emission Computed

Tomography in the Detection of
Coronary Artery Disease

Massimo M. A. Pozzoli, MD, Paolo M. Fioretti, MD, PhD, Alessandro Salustri, MD,
Ambrocs E. M. Reijs, MSc, and Jos R. T. C. Roelandt, MD

To compare the relative diagnosiic value of exer-
cise echocardiography with perfusion techretivn-
99m metoxyisobutylisonitrile single-photon emis-
sion compurted tomeography (SPECT) in detecting
coronary artery disease (CAD), 75 patiects with
suspecied CAD bt a normal clectrecardiogram
{(ECG) at rest were included in = prospectve cormel-
ative study. Both the exercise echecardiograms and
SPECT shidies were performed in conjunciion with
the same symptom-Emited bicycle exercise ¢est.
The develomment of either 2 mew wall motion ab-
normality or 2 reversible perfusion defoct afler ex-
ercise, or both, were regarded a5 a positive test for
the exercise echocardicgraphic and SPECT shudies,
respeciively. The resulls of these 2 diagnostic tests
were compared with coronary arterfograpfny.
Exercise echocardiography idemtified 35 (719%)
and SPECT 41 (84%, p = 0.13) of the 49 patients
with significant CAD (defined as >50% dameter
stenosis). Twenty-five of the 26 patients (96%)
without significant coronary stenosis hrad megative
exercise ic resuits and 23 of 26
(88%) had negative SPECT resulls. Exercisedn-
duced new wall motion abnormalities showed a
good correlation with reversible perfusion defects,
and the results of the 2 methods were concordant
in 65 of 75 patients (agreement = 88%, =075 &
0,14). Both the diagnostic accuracy of exercise
echocardiography and SPECT were significantly
higher than the exercise ECG (81 vs 64%, p <
0.02and88v56$%,p<0.005-'l‘hemﬁvﬂy
and specificity for detecling individua! diseased
vessels were 60 and 95% for exercise echocardiog-
raphy and 67 and 94% for SPECT. However, in the
33 patients with I-vessel disease, exercise echo-
cardiography showed a fower sensilivity when com-

From the Thoraxceatre, Department of Cardiclogy, and the Depart-
ment of Nuclear Medicine, Dijkzigt University Hospital and Erasmus
University, Rotterdam, and the Interuniversity Cardiclogy Institute of
The Netherlands, Dr. Pozzoli was supportsd in part by Fondazione
Cliniea del Lavoro, Centre Medico di Montescano, Pavia, laly. Dr.
Salustri was the recipient of Grant 5442 from the Intermiversity Cardi-
ology Imstitute of The Netherlands, Rotierdam, The Netherlands.
Manuscript received August 9, 1990; revised manuscript roccived Octo-
ber 6, 1590, and accepted October 9.

Address for reprints: Paolo Floretti, MD, Thoraxeeater, Ba 300,
Erasmus University, P.0. Box 1738, 3000 DR Rotterdam, The Nether-
lands,

pared with SPECT (61 vs 82%, p <0.02). SPECT
was tendentially more sensitive than exercise echo-
cardegraphy in detecling isolated loft circumfiex
coronary artecy stenoses.

(Am J Cardiol 18991;67:350--355)

yocardizl perfusion scintigraphy and, more re-
cendy. exercise echocardiography have been

L widely applied in the noninvasive diagnesis of
coromary artery disease (CAD) Important technologic
developments have occurred in both technmiques that
have improved the quality of the images and thus en-
hanced their diagnostic value. Single-photon emuission
computed tomography (SPECT), by eliminating the su-
perimposition of different myocardial regions inherent
in planar scintigraphy, has improved the nuclear tech-
nique to dizgnose and localize significant CAD.!3 The
improvement of the echocardiographic equipment and
the development of digital cine loop acquisition systems
have overcome some of the practical and technical prob-
lems that had previously limited the application of exer-
cise echocardiography.*® Thus far, only limited data
concerning the direct comparison of exercis= echocardi-
ography and planar 201-thallium scintigraphy are avail-
able.™® However, the relative value of exercise echocar-
diography with a digital ¢ine loop system versus SPECT
imaging for the definition of CAD (for clinical decision
making} has not been determined. We performed cxer-
cise echocardiography and SPECT during the same ex-
ercise test in a group of patients with clinically suspect-
ed CAD znd 2 normal clectrocerdiogram (ECG) at
test Their relative values in identifying and Jocalizing
significant coronary artery stenoses was the aim of this
study.

RETHODS

Study groups Between August 1989 and January
1990, 169 patents primarily referred for stress per-
fusion scintigraphy underwent shmmltaneous exercise
echocardiography and SPECT imaging in our kaborato-
ry. Of the 93 padents in whom coronary angiography
was performed within 2 months of the noninvasive stud-
ies, the 75 who had a normal ECG at rest (including
fiat T waves) were sclected for the current study.

The mean 2ge + standard deviation of the 75 pa-
tients {65 men and 10 women) was 52 £ 12 years.
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Fourteen had a documented previous non-Q-wave myc-
cardial infarction. At the tme of the study, 27 patients
were receiving antianginal therapy, including § blockers
administered either alone (8 patients) or in combination
with nitrates or calcium antagonists (% patients). The
remaining 9 patients were recelving calcium antagonists
either alone (4 patients) or in combination with oral m-
trates (5 patients). One patient was taldng digitalis.

Exercise fest procedure: All patients underwent 2
symptom-limgted upright bicycle ergometry test with
stepwise increments of 20 W each minute. Three elec-
trocardiographic leads (Jead TI, V3 and V) were contin-
nously monjtored. The Jevel of the ST segment was cal-
culated averdging the signal by 2 computerized system
(Cardiovit CSG/12, Schiller). An ischemic response
was defined as 2 =1 mm horizontal or downsloping ST
depression persisting 80 ms after the J point.

SPECT imaging: Approximately 1 mmute before the
termination of the exercise, 370 mBq of technetium-
99m metoxyisobutylisonitrile {MIBI) was injected into
an antecubita] vein. The exercise MIBI SPECT imagss
were acquired 1 hour after exercise, Imaging was per-
formed with a Siemens Garmmasonics single-hesd Rota-
Camera (Orbiter) squipped with 37 photommultiplier
tubes, ¥4-inch Nal crystal and a low energy all-purpose
collimator. Thirty-two projections with 6° increments
(180° scanning) were obtained with acquisition time of
45 seconds per projection. The digitizing matrix (64 X
64 word mode) was selected in the midportion of the
camera image by using a zoom factor /2. The tomo-
graphic data were processed on 2 Gamma 11 compuzer
system with a floating point processor. Transaxial tomo-
grams were reconsiructed with the commercially avail-
able SPETS package (Nuclear Diagnostics AB, Hag-
sten, Sweden). The dircction of the left ventricular long
axis was determined from 2 orthogonal views (anterior
and lateral}. Oblique slices (short axis) and sagittal
slices (vertical long axis), perpeadicular and parallel o
the long axis, respectively, were reconstructed. For cach
patient studied, 6 oblique (short axis) slices were de-
fined from the apex to the base and 3 sagittal shicss
from the septam to the lateral wall

For resting studies, patients were inmjected at rest
with 370 mBq MIBI 224 hours apart from the exercise
studies.

Exercise echocardiography: Two-dimensiona] echo-
cardiograras were obtained at rest and immediately af-
ter the exercise test with the patients Iying in the left
laterai decubitus positien. Multiple imaging sections, in-
cluding conventional parasternal long and short axes,
apical 2- and 4-chamber and apical long-axis pianes
were used. All images were obtained with 2 commer-
cially available echocardiographic system (Hewlett
Packard Soncs 1000). The rest and exercise images
were both recorded on videotape and digitized on-line
with a Nova Microsonics PreVue III System (ATL
Co.}. This system allows the recording at rest of I rep-
resentative cardiac cycle obtained from 4 different
views. After peak exercise, the digital system allowed
the capture of 4 comsecutive cardiac cycles for each
view. The cycle with the best image quality could then
be selected and displayed side by side with the corre-
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spondent rest images. Two different quad screen for-
mats, showing the images before and after exercise,
were finally stored in a 5)i-inch double-sided high-den-
sity floppy disk and subsequently reviewed as 2 continy-
ous loop at various playback speeds. )

Coronary angiography: All coronary angiograms
were recorded using the Judkins technique. Significant
CAD was visuaily defined as 250% narrowing of the
Iuminal diameter of =1 coronary arteries or of 1 of
their major braaches.

Fnterpretation of exercise echocar@ography and
SPECT: The analysis of the echocardiographic images
was performed by 1 experienced cbserver umaware of
scintigraphic and angiographic data. Left ventricular
wall motion was visually evaluated and graded as nor-
mal = 1, hypokinetic = 2, akinetic = 3, and dysknetic
= 4. A postexercise wall motion score index was calcy-
lated by summing the scores assigned 10 cach segment
znd dividing by the aumber of segments. By comparing
in a side-by-side manner the rest and postzxercise im-
ages, an ischemic response was defined as the develop-
ment of a new wall motion zbaormality In the study
after exercise.

To compare rest and exercise SPECT images, the
short~ and the vertical long-axis sHces were used. Each
of the 6 short-axis slices were divided into 8 equal seg-
ments, yielding a total of 48 segments, The apical re-
gion was assessed from the 3 central sagittal cross sec-
tions, yielding 2 total of 51 segments. All the SPECT
studies were interpreted by 2 experienced observers, un-
aware of echocardiographic and angiographic results,
using a S-point visual scoring system (1 = normal, 2 =
doubtfully decreased uptake, 3 = mildly decreased up-
take, 4 = severely decreased uptake, and 5 = “absence”
of uptake}. A semiquantitative score index was calculat-
ed by summing the score of each segment and dividing
by the number of all the segments. An ischemic re-
sponse was diagnosed when the stress images showed a
significant perfusion defect {score =3 in =2 contiguous
segments), which partially or completely normalized in
the rest images.

In our lzaboratory inter- and intraobserver agreement
for exercise echocardiography was 91% (x = 0.81, stan-
dard error of the mean [SEM] = 0.14) and 92% (x =
0.84, SEM = 0.2) for exercise echocardiography and
85% (x = 0.70, SEM = 0.23) and 90% (x = 0.8, SEM
= 0.22) for SPECT.

Assignment of different feR ventricular region fo
specific coronary arleries: To assign the vascular term-
tories of the different coronary arteries, the 51 left ven-
tricular segments, imaged by SPECT, were combined in
5 major regions (Figure 1}. Similarly, the 14 echocar-
diographic segments were grouped in the same corre-
sponding ventricular regions, denoted as: anterior (seg-
ments 2 and 7), posterolateral (segments 3 and 8), infe-
rior (segments 4 and ), interventricular septum, which
was subdivided inwo anterior (segments 1 and 6) and
posterier (segments 5 and 10), and apex (segments 11,
12, 13 and 14) (Figure 2).

For both technigues, the vascular territory of the left
anterior descending artery included the anterior wail
and anterior septun; the inferor wall was considered 1o
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short axis

apex.

FIGURE 1. Representation of single-photon emission comput-
od tomograply imaging. The & shoct-2is and the 3 vertical
fong-axis shioes were itsed for anafysis of the stixdes. The left
wventricle was divided imto 5 major regions: imtervesttricidar
septum (sopl), sterior (ant.) wal, iaterad (lat.) wall, inferior
Gint.) wall and apex.

represent the vascular bed of the right coronary artery
and the posterolateral wall of the feft circumflex artery.
The attribution of the posterior septum and of the apex
was more flexible, depending on the coexistent abnor-
malities in the adjacent regions. In case of an isolated
apical defect, the defect was attributed to the vascular
territory of the left anterior descending artery.
Statisticsl anafysis: McNemar’s test was used o as-
sess the significance of the differences between sensitiv-
ities, specificities and accuracies. P values <0.05 were
considered significant. The agreement between tech-
niques was defined as the percentage of concordant di-

TABLEE Qverali Diagnostic Vaiues for Coronary Artery
Disease of Digital Exercise Echocardiography, SPECT and
Electrocardiogram

Sensitivity Specificity Accuracy

£CHD 71%(35/45)  96% (25/26) 81% (61/75)
SPeCT P % (41 /49} 88% (23/26) G {85/753 T
o

ECG L 55% (27 /49) B81% {21 /26} L.54% (48,75

= wp <0.05; T = p<0.02; 3 = p <0.005.
ECG = clectrocardiogrom SPECT = single-photon emisson computed tomega-

agnosis and it was also assessed by calculating the «
value and its SEM. Wall motion and perfusion score
indexes were compared using standard correlation sta-
ustcs.

RESULTS

No adverse clinical consequences resulted from the
exercise testing. Thirty-four patients (45%) attained at
least the 85% of their age-predicted maximal heart rate.
Angina pectoris occurred i 16 (21%) and ischemic ST-
segment depression In 32 patients (43%). The intervals
between the end of the exercise and the recording of the
first and the last echocardiographic images were 22 &
13 seconds (range 6 to 50) and 80 = 33 seconds (range
35 to 150), respectively. The rest echocardiograms
showed normal left ventricular wall motion in 71 pa-
tients; 4 patients kad mild localized wall motion abnor-
malities (hypokinesia of 1 or 2 segments), whereas defi-
nite perfusion defects in the rest scan were found in 5
patients. In all these patients a worsening of wall motion
and perfusion was seen after exercise. Resting wall mo-
tion and perfusion abnormalities were concordant with
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FIGURE 2 The 14!eﬂwntncuinrseg—

wgmm&s!ands apex, segments 11,
12, 13 and 14. AQ = porta; AP4CH = ap-
ica!édmberﬁew;m
chamber view; APLAX
view; LA = [eft atriun; LY = keft ventricle;
PSLAX
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TABLE N Ergometric, Scintigraphic and Angiographic Data in Patients with False-Negative Exercise Echocardiography
Time
from -

Pt MW %MHR Exer. to

No, w0 (beats/min) AP ST BE SPECT LAD Lc Right Echo*

1 160 L] + Q 0 ¢ + + ] 20-50
2 140 29 o o] 0 Q [+ o] + 13-58
3 160 90 . o + o -+HPL) 0 + a 24-114
4 150 80 o 0 ¢ +(PL) ] a -+ 32-110
s 180 90 Q o] C 0 [ + 0 16-83
6 120 100 ¢] o] ol 0 o] + o} 12-50
7 180 70 o + Q 0 o] + [+ 10-50
g 140 20 + 0 ¢ [ H{chog) ] C 30-110
] ! 140 81 o + + +(5.A) + ] o 20-120

10 160 91 0 + 0 H) 5] -+ 0 15-60 -

11 140 32 o} + o 4] + 0 L] 30120

1z 140 S0 0 0 + +(PL) 0 -+ Q 3085

13 100 64 C o + +(PL) C + 4] 20-115

is 148 &0 ¢ + + +(PLA) [¢] + o} 15-115

* The nUMbers represent the time intervat (seconds) between the peak exercise and the acquirernent of the first and of the Last respectvely.

A = amienion, AP = onging 'Ba-ﬁblod(crsDiagwdwg:mibmndl:w.-em'mc:i-wﬂew:w-bﬁmmmwm maruwmuarteryMHR-
maximal heart rote; MW = mmmwaxmwde'ﬁ posteralateral; Right = right coronary arterys 5 = septal SPECT = unglephoton emisson
computed tomograptry; ST = 5T segment.

+/0 = presence / absence of angina, ST-segrent depression, (-0kcker therapy, Tsent perfusion defedt, coronany diameter slenosis >50%. .

the site of infarction in 3 and 4 patents, respectively.
Forty-nine patients {65%) had >50% diameter stenosis
of =1 of the coronary arteries; of these, 16 had a muln-
ple vessel disease. Twenty-six had either normal or not
significantly diseased vessels.

Sensitivity and specificity for the identification of
coronary artesy disease: The overall sensitivity, spec-
ificity and accuracy of exercise echocardiography,
SPECT and clectrocardiography In detecting CAD are
Lsted in Table I. Exercise echocardiography and
SPECT showed sensitivities of 71 and 84% (p = 0.13).
which were significantly higher than that obtained by
ECG ergometry (55%, p <0.05 and p <0.003, respec-
tively). Among the 26 patients without significant
CAD, 25 had normel ¢xercise echocardiography and 23
normal SPECT. The overall accuracies of $1% for echo-
cardiography and of 88% for SPECT were significantly
greater than by exercise ECG.

The effect of the number of abnormal vessels present
on the ability to obtain an ischemic response by the dif-
ferent technigues is shown in Figure 3: In patients with

-
=

=

Ex OECHD
= ISPECT
ul

7] BECS

{ne33) {n=B}
SRGLE VESSEL MATIVESSEL

FIGURE 3. Comparison of the sensitivites of exercise ocho-
cardiopraphy (ECHO), single-photon emvdssion compated to-
mography (SPECT) and slecirocardography (ECG) in patients
with 1- and mithvessel disepse. * = p <0.035; ** =p = 0.02
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l-vessel disease, SPECT showed a greater sensitivity
than exercise echocardiography {p <0.05). In patients
with multiple vessel discase, 15 and 14 of 16 were iden-
tified, respectively, as ischemic by exercise echocardiog-
raphy and SPECT. Table II summarizes the ergomet-
ric, scintigraphic and angiographic data in the 14 pa-
tients with false-negative echocardiographic results.
Nine of these had negative ECGs and 7 also had false-
negative SPECT. A I-vessel discase was found in 13
patients and only 1 patient had muitivessel disease.
Agreement between echocardiography and SPECT
for the diagnosis of schewnia: Figure 4 shows the rela-
tion between the final diagnosis provided by exercise
echocardiography and SPECT. Sixty-five of 75 patients
were concordantly classified (agreement = 83%, « +
SEM = 0.75 % 0.14). In the 35 patients with ischemic
response detected by the 2 methods, wall-by-wall com-
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FIGURE 4. Agreement bm'men exerdise echocardlograply
(ECHD) 2uwd sinple-phwdon emsssion compated tomography
(SPECT} in Sagnosing ischemis.
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TABLE i Detection of individual Coronary Artery Stenoses with Exercise Echocardiography and SPECT
Echocardiography SPECT
Sensitivity Spectticity Accuracy Sensitivity Specificity Acguracy
Total 0 (42/70) 95 (146 /155) 24(188/225%) 6447 /70) 94(145/155) 85(192/225)
LAD €9 (20/29) 98 (45/45) 87 (65/75) 66{19/29) 96 (44/46) B4(83/75)
Lc 45(11/24) 96 (49/51) B80(60/75) 67{16/24) S8 {A9/51) 87 (65/75)
Right 65(11/1 £83(52/58) BA{63/75) 70(12/17) B3 (52/58) 85(64/75)
Yaloes are expressed a5 percentage and a5 absolute numbers.
Abbreviapons asin Tabée H.

parison of transient wall motion and perfusion defects
demonstrated a complete correspondence i 28, a par-
tial correspondence in 5 and no correlation in 2. When
the exercise wall motion and perfusion scores indexes
were compared, they were positively correlated (r
0.75; p <0.001).

Localization of individual coronary artery stencses:
The detection of individual narrowed arteries by cach
technique is presented in Table IIi. Exercise echocardi-
ography correctly identified 42 of the 70 stencsed arter-
ies (60%) and 146 of the 155 normal vessels (95%).
SPECT correctly identified 47 of the 70 stencsed arter-
ies (67%) and 143 of the 155 normal vessels (94%).

Figure 5 shows the comparison of the sensitivities for
individual lesions in patients with l-vessel disease. In
this subset, only 5 of 13 left circumflex lesions were de-
tected by exercise echocardiography, whereas SPECT
correctly identified 10 of them (p = 0.07). In contrast,
both techniques showed a similar ability to predict left
anterior descending and right coronary artery stenoses.

DISCUSSION

This is the first study in which exercise echocardiog-
raphy and technetium-59m SPECT imaging have been
simultaneously tested to detect the presence of CAD in
a large group of patients with a normal ECG a1 rest.
The main findings of this study are {1) that stress echo-
cardiography and SPECT have a good agreement and
have a similar diagnostic accuracy. which is superior to
that of exercise electrocardiography (Table I), and (2)
that SPECT is only slightly superior 10 exercise echo-

U ECHD
BSPECT

SENSITIVITY

(ne 1l
[Xe=4

{n=8)
RCA

FIGURE 5. Detection of individual coronary artery stenosis by
-exercite echocardiography [ECHO) and single-photon emis-
o0 compsdted tomography {(SPECT) it patients with L-vessel
disense, LAD = [eft anterior descending artery; LCX = left &ir-
cumilex artery; RCA = right coronary artery.

cardiography in detecting 1-vessel disease In patients
with a stenosis of the left circumflex coronary artery
(Figure 5).

In a study by Maurer and Nanda,? exercise echocar-
diography and planar thalium-201 scintigraphy were*
performed in a group of patients referred for corenary
arteriography. The tests provided a sensitivity of 83 and
78%, respectively. They found a sensitivity for exercise
echocardiographky that was better than in our study (83
vs 71%), whereas our SPECT results had a similar sen-
sitivity when compared with planar scintigraphy used in
their study (84 vs 78%). However, the results of these
studies are difficult to compare directly because of dif-
ferent patient selection: our patients were primarily re-
ferred for stress scintigraphy, whereas patients in the
other study were primarily referred for coronary arter-
ography, and more severe CAD may have been present.
This can account for the slightly betier results of exer-
cise echocardiography relative 10 perfusion imaging in
the study by Maurer and Nanda. Similar results have
been reported by other investigators.*3® Recently, Ryan
et aL® in patients with chest pain and normal left ven-
tricular wail motion at rest, found a sensitivity of 78%
and a specificity of 100% compars® with lesions of
>50% on coronary arteriography. In addidon, these in-
vestigators found the lowest sensitivity in patients with
1-vessel disease of the left circumflex coronary artery,
which is consistent with our findings. Furthermore, the
use of antiischemic drugs may reduce the sensitivity
of both perfusion scintigraphy and stress echocardi-
ography. /o1

We found that SPECT has higher sensitivity than
echocardiography in detecting patients with 1-vesse! dis-
case. Transient perfusion defects may occur early and
do not always lead to a wall motion abnormality. The
latter results when more promounced ischemma is pres-
ent. Thus, exercise echocardiography may be negative
when a perfusion defect is detected, which may explain
its lower sensitivity. In some patients, wall motion ab-
normalities recover very rapidly after the cessation of
exercise, which may further explain a lower sensitivity
of stress echocardiography, because its acquisiton is
done in the immediate postexercise phase and not at
peak exercise.12

In contrast to patieats with 1-vessel disease, echocar-
diography and SPECT had a similar diagnostic efficacy
in patients with multiple vessel disease. Moreover, in
this study few patients with multiple vesse! disease were
included and therefore the results cannot be considered
conclusive.
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Study limitations: Our patients were referred for
scintigraphy for a variety of reasons, such as a nondiag-
nostic electrocardiographic exercise test, the localization
and guantification of ischemia, and the assessment of
the functional significance of the coronary stenosis be-
fore intervention. Thus, the results cannot be directly
compared with patients selected on the basis of other
criteria. Second, both exercise echocardiography and
SPECT studies were visually analyzed. Although the
quantitative analysis of exercise echocardiograms is
hampered by technical difficulties, its application to
SPECT has enhanced its diagnostic power.

In conclusion, exercise echocardiography and
SPECT, directly compared in & series of patients with a
normal ECG at rest, provide similar overzll information
for the noninvasive diagnosis of CAD. A strong correla-
tion between the 2 techniques for identifying localizing
and quantifying ischemia was found. SPECT imaging,
however, appears to be superior to exercise echocardiog-
raphy in patients with 1-vessel disease, particularly of
the left circumflex coronary artery.
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CHAPTER 4.

Relationship between exercise echocardiography and perfusion single-
photon emission computed tomography in patients with single-vessel
coronary artery disease.

A Salustri, MMA Pozzoli, W Hermans, B Imer, JH Cornel, AEM Reijs,
JRTC Roelandt, PM Fioretti.

Am HeartJ 1992;124:75-83.
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Relationship between exercise
echocardicgraphy and perfusion single-photon
emission computed tomography in patients
with single-vessel coronary arfery disease

The aim of this study was t0 assess the relative valuve of exercise echocardiography and
perfusion single-photon emission computed temography (SPECT) in identifying the presence and
severity of coronary artery stencsis. Accordingly, 44 consecutive patients with stenosis in one
vessel performed simultancous postexercise echocardiography and perfusion SPECT {with either
thallivm-201 {# = 19] or 95m-Te-methoxyisobuty! isonitile [n = 257) in conjunction with
symptom-limited bicycle exercise testing. Positive test results were based on the presense of
new or warsened exercise-induced wall motion abnormalities and transient perfusion defects,
respectively. Morgover, an “ischemic” score index was derived for semiquantitative assessment
of both echocardiography (with 2 T14-segment mode! of left ventricular wall on a 4-point scale)
and SPECT {47-segment model on a 5-point scale). All patients underwent correlative coronary
arteriography, assessed by digital caliper. Significant coronary artery disease (diameter stenosis
=50%) was present in 30 patients. There was 2 good overall concordance between the two tests
in terms of result (79%); compared with patients with positive resuits of hoth tests, in the seven
patients with positive SPECT and negative echocardiography the time of recording
echocardicgraphic images was longer (p = 0.05). When analyring patients according to the
percent diameter stenosis (>70%, 50% to 70%, and <50%) for both echocardiography and
SPECT, the prevalence of an ischemic response was directly related to the severity of the
coronary stenosis (p < 0.001); moreover, a negative test result was highly predictive of a
diameter coronary stenosis less than 70%. A fair comrelation was found between percent
diameter stenosis and both ischemic wall motion and perfusion score indexes {r = 0.62,

£ < 0.001; r = 0.51, p < 8.087, respectively). it is concluded that in patients with single-vessel
disease {1} there is 2 high concordance between exercise echocardiography and SPECT in terms
of an ischemic response, and (2} with both methods the probability of an ischemic response is
related to the severity of corenary stenosis. (Am HeraT J 1992;124:75.)
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Recently, cardiac imaging with echocardiographyt1!

or scintigraphy!®? in conjunction with exercise or
pharmacologic stress has been used for the noninva-
sive diagnosis of coronary artery disease. Howewver,
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only a few studies have been performed to compare
the relative efficacy of the two tests for the diagnosis
of the presence and severity of coronary artery
disease, and in these studies the dssessment of coro-
nary artericgraphy was limited to a visual judg-
ment.?% Finally, these studies included heteroge-
neous groups of patients, an important limitation in
determining the functional importance of coronary
stenosis that could be eliminated by excluding pa-
tients with multiple-vessel disease. Therefore the
aim of this study was to establish the correlation be-
tween exercise echocardiography and perfusion sin-
¢le-photon emission computed tomography (SPECT)
in terms of “ischemic” response in a selected group
of patients with single-vessel disease. In addition, we
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Fig. 1. Disgrammatic representation of SPECT imaging.
The six short azes and three vertical long axes were used
for analysis of the studies. The left ventricular wall was di-
vided imto five major regions: intervemtricular septum
(sept), anterior wall {ent}, lateral wall (Igt}, inferior wall
finf), and apex.

aimed to correlate the results of the two tests to the
degree of the stenosis evaluated by .caliper.

METHODS

From Avgust 1989 to July 1990, 207 patients uaderwent
simultaneous exercise echocardiography and SPECT at
the Thorazcenter. We selected 44 patients with evidence of
single-vessel disease on corcnary angiography performed
within 2 weeks of the noninvasive tests. Inclusion criteria
were (1) isolated stemosis or luminal irregularity of one
cOTODSFY artery or its major branches; (2) no @-wave my-
ocardial infarction, cardine surgery, valvular heart disease,
or cardiomyopathy; (3) no unstable angina; and (4) good-
quality exercise echocardiograms. One patient was ex-
cluded because of peor-gquality echocardiograms, whereas
no patient was excluded for a poor SPECT imaging. Indi-
cations for noninvesive testing included the evaluation of
the physiclogic significance of coronary stenosis noted on
angiography (= = 15}, systematic follow-up 6 months after
percutaneous transluminal coronary angioplasty {(r = 17),
and evaluation of chest pain (r = 12). Although the pa-
tients were drawn from a large group, they represent a
consecutive series meeting the above requirements.

Exercise testing. The patients performed s symptom-
limited exercise test on 2 bicycle ergometer with stepwise
increments of 20 W/min. Blood pressure was mesasured
every 2 minutes by the cuff method. The ECG was moni-
tored continuously (Jeads IT, V2, and V5) and recorded (12
leads) st rest and every mimate wuntil the end of the recov-
ery phase. A computer-assisted syster (Cardiovit CSG/12;

“Schiller, Baar, Switzerland) analyzed the QRS complex
ofter signal aversging. Horizontal or downsloping ST seg-
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ment depression of 1 mm or greater occurring 80 msec after
the J point was considered diagnostic of ischemia. Twen-
ty-five patients exercised to 85% or greater of their ex-
pected maximal heart rate, corrected for age and gender; 36
patientsreached an adequate exercise end point, defined &5
the development of typical angina, ST segment depression,
or achievement of 85% or grezter of the maximal predicted
heart rate.

SPECT imaging. At peak exercise, either 370 MBq 99m-
Te-methoxyiscbutyl isonitrile (MIBI} (n = 25) or 111 MBq
thallium-201 (n = 19) was injected intravenously. The pa-
tient continved to exercise for another 1 to 2 mimutes.
When thallium-201 was administered, imaging was started
within 10 minutes and repeated 4 hours after the injection.
Stress MIBI SPECT images were acquired 1 hour after ex-
ercise. For resting studies, patients were reinjected with
370 MBq 99ma-Te-MIBI at least 24 hours after stress stud-
ies. All the images were acquired by Siemens Garomason-
ics single-head Rota Camera {Orbiter; Siemens Corp., Ise-
lin, N.J.) equipped with 37 photomultiplier tubes, a ¥%-inch
Nal crystal, and a low-energy, all-purpose collimator.
Thirty-two projections were obtained, from left posterior
oblique to right anterior oblique, with an acquisition time
of 45 seconds per projection. The digitizing matrix (64 X 84
word mode) was selected in the midposition of the camera
image, with a zoom factor of \/2. A Gamma 11 computer
system with a floating peint processor was used to process
the tomographic data. Transaxial tomograms were recon-
structed with the SPETS software package (Nucleaz Diag-
nostics AR, Hangsten, Sweden). From the three-dimen-
sional data, oblique (short axis) and sagittal (vertical iong
axig) slices, perpendicular and parallel to the lopg axis, re-
spectively, were reconstructed. For each study, six oblique
siices were defined from the apex to the base and three
sagittal slices frorm the septum o the lateral wall. To coma-
pare the stress and rest studies, each of the six short-axis
slices was divided into eight equal segments. The septal
part of the two basal slices (four segments) was not evalu-
ated, because this region corresponds to the fibrous portion
of the interventriculer septum and normally exhibits
reduced uptake. The apical region was assessed from the
three central sagittal cross sections. A total of 47 ségments
per patient were analyzed. All tomographic views were re-
viewed in side-by-side pairs (stress and rest) by the same
experienced observer, who was unaware of the patient's
clinical history or the results of stress echocardiography or
coronary arteriography. The myocardial uptake of ra-
diotracer was evaluated visually with a Sve-point scoring
method (0 = normal, 1 = shightly reduced uptake, 2 = mod-
erately reduced uptake, 3 = severely reduced uptake, and
4 = absence of uptake}. “Ischemis™ was defined as a perfu-
ston defect during exercise that partially or totally resolved
at rest in at least two contiguous segments or slices. Perfu-
sion score indexes were calculated by averaging the scores
for all segments for both the stress and rest studies. An is-
chemic score index was generated from the difference be-
tween stress and rest indexes.

Echocardiographic imaging. Two-dimensional echo-
cardiography was performed by an experienced cardiolo-
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Fig. 2. Regional left ventricular wall segments in the 14-segment model. Five major regions were consid-
ered: interventricular septum (segments 1, 5, 6, and 10), anterior (segments 2 and 7}, posterolateral (seg-
ments 3 and 8). inferior (segments 4 and 9), and apex (segments 11. 12, 13, and 14). AQ, Aorta; AP 2CH,
apical two-chamber view; AP 4CH, apical four-chamber view; AP LAX, apical long-axis view: LA, left
atrium; LV, left ventricle; PS LAX, parasternal long-axis view; P§ SAX, parasternal short-axis view; KA.

right atrium: RV, right ventricle.

gist and recorded in the left lateral decubitus position at
rest and immediately after exercise, with a cormmercially
available system (Hewlest Packard Sonos 1000; Hewlett-
Packard Co., Palo Alte, Calil.) equipped with 3.5 and 2.5
MHz transducers. All standard views were obtained at rest,
and the transducer positions were marked on the chest wall
1o permit quick and comparable postexercise imaging. On
reaching the exercise endpoint, patients resumed the rest-
ing position and stress echocardiograms were obtained.
Post-exercise imaping was completed within 35 to 180 sec-
onds. The four standard zpical and parasternal views were
obtained in 38 patients. whereas in 6 patients enly the api-
cal views were obtained. In four of these patients the per-
fusion scintigraphy was positive, whereas echocardiograms
were negative for ischemia. All the studies were recorded on
videotape. In addition. we employed a Nova Microsonics
System (PreVue IT1 Nova Microsonics, Mahwah, N.J.) for
digital recording and data storage. This svstem captured
eight consecutive echocardiographic images on-line, with a
sanpling interval of 30 msec. One representative cardiac
cxcle obtained from each of four different views (generally
parasternal long-axis, short-axis at papillary muscle level,
and apical four- and two-chamber views) was recorded at
rest and served as reference for the evaluation of subse-
quent changes. After exercise, the digital system allowed
capture of four consecutive cardiac cycles for each view.
The cycle with the hizhest image quality was then selected

and digplaved side by side with the corresponding rest ¢v-
cle. Finally. two different quad-screen formats, showing the
rest and stress images, were stored on a 5% -inch double-
sided, high-density floppy disk for further review as a con-
tinuous loop at different playback speeds. All the echocar-
diograms were reviewed, and a consensus was achieved. by
two observers who had no knowledge of the SPECT results
or angiographic data The left ventricular wall was divided
into 14 sepments as described by Edwards et al.*® Systolic
wall thickening and inward wall motion were evaluated vi-
sually. Each segment was graded on a four-point scoring
system (1 =normal, 2 = hypokinetic, 3 = akinetic. and
4 = dyskinetic). A new or increased wall motion abnormal-
ity after stress was considered an ische'mic response. A glo-
bal wall moticn score index was derived by dividing the to-
tal score by the number of the segments for both rest and
stress studies; an ischemic score index was caleulated from
the difference between stress and rest indexes. In our lab-
oratory, interobserver and intraobserver variability for
exercise echocardiography has been found to be mini-
rmal *7

Assignment of different left ventricular regions 10
specific coronary arteries. We attempted to identify the
specific coronary artery involved from the location of per-
fusion defects and wall motion abnormalities. For this
purpose, the 47 segments imaged by SPECT were com-
bined in five regions (Fig. 1). Septal and anterior segments
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Table §. Clinical data in the group of patients

Age (yr) 59 ¢ 9 (3777
Gender (M/F) (r) 35/9
Previous non-@Q-wave myocardial 16

infarction (r)

Radiotracer (r) 201-T1 19/MIBI 25

5-Blocker therapy (n) 15
=35% predicted maximal heart 23
rate {n)

Coronary artery disease {7} <3 Digmeter stenosis

=50 <50
LaD : Nt [
RCa 8 5
LC 7 3

LAD, Left anterior descending artery: RCA, right coronary artery; LC, left
circumflex artery.

were ¢onsidered to correspond to the left anterior descend-
ing artery, inferior segments to the rizht coronary arterv.
and lateral segments to the left circurnflex artery. Whern
perfusion defects overlapped these boundaries, defects
found primarily in one territory that did not extend signif-
icantly over the border of another territory were considered
torepresent one lesion. The 14 echocardiographic segments
were similarly categorized: anterior (segments 2 and 7).
lateral (segments 3 and 8). inferior (segments 4 and 9). in-
terventricular septum {(segments 1, 3, 6, and 10). and apex
(segments 11, 12, 13, and 14) (Fig. 2). The interventricular
septurn and anterior wall were attributed to the left ante-
rior descending artery distribution, the lateral wall to the
left circumflex artery, and the inferior wall 1o the right
coronary artery. For both methods the attribution of the
apex abnormalities was flexible, depending on coexistent
abnormalities in adjacent regions.

Coronary arteriography. Selective coronary arteriogra-
phy was performed in multiple views according to the Jud-
kins technique. Coronary cineangiograms were analyzed
with a personal computer-based coronary analysis system
with a manual caliper program in its basic configuration.
For this purpose, the cinefilm was mounted on a standard
Tagarno 35 CX projector {Tagarno. Horsens, Denmark)
with built-in video camera. A selected cineframe was then
converted into video format. digitized at a resolution of 512
by 512 by $ bits, and displayed on a video monitor. For cal-
ibration, a region of interest around the catheter tip was
selected with the mouse of the system. magnified twofold
with linear interpolation, and displayed on the video mon-
itor for subsequent measurements. Next the user indicated
with the mouse three pairs of points at the sides of the
magnified catheter segment. The average value of the
measured width expressed in pixels was compared with its
true size (in millimeters), resulting in a calibration factor
in millimeters/pixel. Then the arterial segment to be ana-
vzed was magnified twofold and interpolated linearly, the
user defined the obstruction, and the reference diameter
stenosis was calculated. The percentage stenosis was ob-
tained by averaging the values obtained in at least two

views including the oblique views. The length of the steno-
sis was not taken into account in this study. A stenosis was
considered “significant™ when It was equal to or greater
than 50%. ’

Statistical analysis. Data are presented as mean values
= SD. when appropriate. Specificity, sensitivity, and pre-
dictive accuracy relied on standard definitions. The x* test
and Fisher’s exact test were used to compare differences
between proportions. Correlation between ischemic perfu-
sion, wall motion score indexes, and stenosis severity were
sought by regression analysis. The Student £ test was used
for analysis of continuous data. A p < 0.05 was considered
statistically significant.

RESULTS

Some baseline clinical data and the findings on
coronary arteriography are reported in Table L

Exercise echecardiography and SPECT results. The
results of exercise ECG. echocardiography, and
SPECT. according to the location of wall motion ab-
normalities and perfusion defects. both at rest and
after stress, and the anglographic data are displayed
in'Table II. “Fixed"” perfusion defects without corre-
sponding wall moticn abnormalities at rest were
found in seven patients; in five patients a reversible
perfusion defect in the same area was also present on
thallium-201 seintigraphy. In two patients wall mo-
tion abnormalities at rest without worsening after
stress were detected in the territory supported by 2
coronary stenosis with a diameter greater than 50%,
In the presence of normal perfusion.

When the positivity of stress echocardiograres and
SPECT was defined as new wall motion abnormali-
ties or tramsient perfusion defects. the concordance
between the two tests was 79%. Twenty patients
(45%) had a concordant positive stress echocardio-
gram and SPECT, and 15 (34%) had concordant
negative test results. Seven patients (165} had pos-
itive SPECT and negative echocardiograms. In four
of these patients only apical echocardiographic views
were obtained. Right coronary artery stenosis was
found in four and left circumflex stenosis in three of
these patients. Compared with patients with positive
results in both tests, in these seven patients the time
of recording the first and last echecardiographic im-
ages from the end of exercise was longer (33 £ 45 vs
24 + 10 seconds, [p=0.01); 121 = 43 vs 85 = 29
seconds [p = 0.05]), but the mean ischemic perfusion
score index was not different (025 = 0.15 wvs
0.37 = 0.24 seconds; difference not significant). Only
two patients (5% ) had positive echocardiograms with
negative SPECT; both had left anterior descending
artery stenosis (48% and 677 diameter stenosis, re-
spectively).

The overall sensitivity, specificity. and diagnostic



Tabie II. Results of exercise echocardiography and SPECT with correlative findings on coronary angiography

Exercise test SPECT Echocardiography Argiography

Pt Isotope M BB AP 8T Rest Stress Rest Stress Vessel DSt (%)
1 MIREI + + - + - LAD - LAD LAD 100
2 MIBEL - - - + - LAD - LAD LAD 100
3 MIEI + - - + LC LC - Lc LC 100
4 MIBI + + - - LC Lc LC - LC 87
5 201-TL + + + + - LC - RCA Lc 57
3 MIBI + + - - - LAD - LaD LAD 80
K MIBI - - - + - RCA - RCA RCA 20
& 201-T1 - + + + - LaD - LaD LAD ik
E] 201-T1 - - - + - LC - LC RCA 75
10 201-T1 + + + + - LC - LC/LAD RCA 7
11 201-TlL + - - -+ - LAD - LaD LAD T4
1z 201-Tl - - - + RCA RCa - LC RCa 73
13 201-T1 - - - - - - RCA - RCA 70
14 MIBI - - + + - - - LAD LAD 67
15 MBI - - - + - LAD - LAD LAD 65
16 201-T1 + + - + LaD LAD LAD LAD LAD 64
17 201-T! + - - + - - LC - LC €2
18 201-T4 - - + + LC LC - Lc Lc 61
19 201-T1 + - + + LAD LaAD - LAD LAD 61
20 201-T1 - + - - RCA RCA - RCA RCA 58
21 MIBI + + - - LAD/RCA RCA LAl - RCa 59
22 20171 - + - - - RCA - - LC 58
23 201-Th + - - - - RCA - - RCA 53
24 201-T1 - + - - - - - - LaD 58
25 201-Th + + - - LAD LAD - LAD LaD 537
¢ 26 MBI - - - + LAD - LAD - LAD 55
27 MIBI - - - + - LaD - LAaD LAD 54
28 MIBI - - - - - RCA - LC Lc 53
- 29 201-T1 - - + + - - - - LAD 52
30 MIEBI + - - - LaD - LaD - 1.AD 52
31 MIBI - - + - - LAaD/RCA - LAD LAD 49
32 MIBI - - - - - - - LAD LAD 48
33 MIBI - + + - - - - - LAD 18
3 MIEBI - - - + - - - - LAD 47
35 MIBI + + - - - RCA - - LC 43
36 MIBI - - - - - - - - Lc 41
37 . 20171 - 4+ - - - - - - LAD 40
3 20171 - - + - - - - - LAD 37
39 MIBI - = - - - - - - RCA 35
40 MIBI - - - - - - - - LC 34
41 MIBI - - - - - - - - RCA 32
42 MIBL + - - - RCA - - - RCA 30
43 MIBI - - - - - LAD/RCA - - RCA 22
44 MIB} - - - - - RCA - - RCA 21

AP, Angina pectoris: b8, §-blocker therapy; DSt, diameter stenosin M1, previous non-Q-wave myocurdial infarction; ST, ST fepment depression; MIBI,
wethexyisobutyl isenitrile; T/, thallium: remaining abbreviations as in Table I For beth SPECT and echocardiopraphy, the site of perfusion defects or wail
2otion abnormalitics is assigned to the corresponding spe¢ific coronary artery, as described in the text.

accurzcy for detecting coronary artery disease {with
a diameter stenosis =50% as “gold standard™) by
ECG, echocardiographic, and scintigraphic changes
are summarized in Table Ifl. The trend toward
higher sensitivity of SPECT was counterbalanced by
an opposite trend in specificity, so predictive accu-
racy was the same. No significant difference in the

overall sensitivity and specificity was found when
patients were analyzed separately according to the
attainment of 85% or greater of the maximal pre-
dicted heart rate, the presence of previous non-Q-
wave myocardial infarction, 8-blocker therapy, or the
radiotracer used.

The ability of exercise echocardicgraphy and



Table . Overall sensitivity, specificity, and diagnostic ac-
curacy for detecting coronary artery disease with a diam-

eter stenosis of 50% or greater -
Diegnostic
Sensitivity  Specificity accuracy
% n % n % n
ECG 63 18/30 93 13/14 72 32M44
Echecardiography
NWMA 66 20/30 85 12/14 72 32744
NWMA orrest- .86 26/30 85 12/14 86 38/
ing WMA
_SPECT .
TPD Y76 2330 71 10714 75 3344
TPD or rest- 83 25/30 B4 914 7T 34/44
ing PD

NWMA, New wall motion abnormalities; TPD, transient perfusion defecta

SPECT to identify the location of individual coro-
nary artery lesions is displayed in Table IV for each
major coronary artery and for the left circumflex and
right coronary arteries combined. Among 15 patients
with left circumflex or right coronary artery stenosis
of 50% or greater, the site of the stenosis was errone-
ously attributed to the contiguous vascular territory
in seven (in four patients by echocardiography and
four patients by SPECT). The results are much bet-
ter when the territories of the right coronary artery
and left circumflex artery were merged, partially
avoiding the problem of their overlap.

Correfation of exercise echocardiography and SPECT
with the severity of coronary stenosis. The effect of se-
verity of stenosis on the detection rate of lesions is
displayed in Fig. 3. From Fig. 3 it is seen that the
prevalence of an ischemic response was related
strictly to the severity of the coronary stenosis
(p < 0.001). All the lesions with a diameter stenosis
greaterthan 70% were identified by SPECT, whereas
echocardiography identified 11 of 12 patients (100%
vs 91 %: difference not significant). Of the 18 patients
with coronary stenoses of intermediate severity (di-
ameter stenosis 50% to 70%), scintigraphic ischemia
was present in 11 and echocardiographic ischemia in
9 {61% vs 50%; difference not significant). In the
group with nonsignificant coronary stenosis, four pa-
tients had positive SPECT and two had positive
echocardiographic results (28% vs 14%; difference
not significant). The two patients with false-positive
responses on echocardiography had a left anterior
descending artery stenosis of 49% and 48%. and in
one patient a transient perfusion defect was also
found.

The relationship between ischemic perfusion score
index and ischemic wall motion score index is shown
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Table IV. Sensitivity and specificity of exercise echocar-
diography (new wall motion abnormalities} and SPECT
(trapsient perfusion defects) for detection of stenosis of
50% or greater for individual coronary arteries

Echocardiography SPECT
Sensitivity Specificity Sensitivity Specificity
% n % 3 % " %a n
LAD 73 11/15 39 26/29 66 10/15 93 27/20
RCA 25 2/8 97 35/36 62 3/8 83 30/38
LC 42 377 91 34/37 57 477 94 35/37
RCALC 60 915 100 29/29 386 13/15 86 25/29

Abbreviations as in Table L

in Fig. 4. Despite the different left ventricular seg-
mentation and scale grading used, a good correlation
between the two ischemic score indexes was found
(r = 0,709: p < 0.001). The relationships between the
ameourt of myocardium at risk (as assessed by the is-
chemic score indexes) and the severity of coronary
artery stenosis (expressed as % diameter stenosis)
are represented i Figs. 5 and 6. Moreover, in patients
with either a pesitive exercise echocardiography or
SPECT result, the mean value of ischemia index was
higher in patiemts with 70% or greater than in
patients with less than 70% diameter stenosis
{0.50 = 0.21 vs 0.27 + 0.10 [p < 0.005); 0.46 = 0.27
vs (.24 + 0.12 [p < 0.01], respectively).

DISCUSSION

In recent years, exercise echocardiography has
been proposed as a feasible, safe, and low-cost alter-
native to scintigraphy.’? However, in most of these
studies the results of exercise echocardiography have
been validated by visual estimates of severity of
stenosis. There are very few studies addressing the
comparative value of the two tests in the diagnosis of
myocardial ischemia and coronary artery disease 2527
This is the first study in which exercise echocardi-
ography and SPECT were applied simultaneously
and their results compared with the percent diame-
ter stenosis assessed semiquantitatively. The main
results of this study can be summarized as follows: (1)
The agreement between exercise echocardiography
and perfusion SPECT imaging (in terms of response
and severity of ischemia) is very high. (2) The prob-
ability of an ischemic response on exercise echocar-
diography or SPECT is dependent on the severity of
coronary stenosis when assessed as percent diameter
stenosis; particularly, a negative test result is highly
predictive of a diameter coronary stenosis less than
T0%, with both methods. {3) There is a fair correla-
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Fig. 3. Prevalence of a positive results on exercise electrocardiography (ST'), echocardiography (echo), or
SPECT in subgroups of patients with different severity of coromary artery stenosis (% DSt).

tion between the severity of coronary artery stenosis
and the severity of myocardial ischemia.

We have already assessed the diagnostic value of
exercise echocardiography and perfusion 99m-Te-
MIBI SPECT in the detection of coronary artery
disease in a group of patients with normal ECG at
rest.Z” However, in that study patients with multiple-
vessel disease and patients with stenotic lesions of
less than 50% were also included. In contrast to our
previous work, this study includes only patients with
lesions limited strictly to one major vessel, and the
severity of the lesion was graded on a continuous
scale by the caliper technique.

The overall sensitivity and specificity of both
exercise echocardiography and SPECT are appar-
ently not optimal. However, we like to underscore
that our study group included only patients with sin-
gle-vessel disease, and most were taking medication,
both factors reducing the sensitivity of any diagnos-
tic test compared with patients with rultiple-vessel
disease or not taking medication. Also the specficity
could appear suboptimal. However, we should re-
member that this study included patients with a
continuous spectrum of coronary stenoses and we di-
chotomized the group according to a cutoff of 50%
diameter stenosis. It is therefore likely that some pa-
tients with angiographic “subcritical stenosis™ were
uncorrectly defined as having false-positive results, if
the hemodymamic sequela of such a lesion was greater
than predicted based on its angiographic appearance.

In this study the disagreement between exercise
echocardiography and SPECT was infrequent and
mostly the result of patients with positive SPECT

EXERCISE WALL MOTION VS SPECT PERFUSION
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Fig. 4. Correlation between echocardiographic and scin-

tigraphic indexzes of exercise-indueed myocardial ischemia.

A significant correlation was observed (p < 0.001). WMSI,

wall motion secore index. !

and negative echocardiograms (Fig. 3). This finding
could be related to multiple factors such as (1) the
site and extent of myocardial ischemia; (2) the rapid
recovery of myocardial ischemia after termination of
exercise; and (3) maldistribution of flow, rather than
true ischemisa. It has been reported that wall motion
ahnormeslities can persist for an extended period of
time?; however, some individuals show a very rapid
recovery of the wall motion changes after bicycle ex-
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Fig. 5. Correlation between ischemic wall motion score
index (WMSI} and stenotic percent diameter (% DSt A
significant correlation was found (p < 0.001).

ercise. Therefore postexercise Imaging will fail to
identify some patients with a limited amount of
ischemic royocardium who exhibit rapid resolution of
exercise-induced wall motion abnormalities. Addi-
tion of echocardiographic Imaging at peask exercise
could enhance the sensitivity for the detection of
coronary artery disease with exercise echocardi-
ography.® 3 Qur findings suggest that inability to
record short-axis views at mid-papillary muscle level
or a delay in aequiring postexercise imaging play a
critical role in determining these false-negative
echocardiographic study results. These patients
tended to have a smalier ischemic zone than had pa-
tients with positive results to both tests. Accordingly,
maldistribution of flow without real ischemia is un-
likely to explain all the discrepancies between
echocardiographic and scintigraphic findings.
Comparison of the extent of ischemic region with se-
verity of coronary stenosis. Analysis of scintigraphic
and echocardiographic images showed that the
amount of jeopardized myocardium was correlated
directly when evaluated by the twe ischemic indexes,
despite the different left ventricular segmentation
and scoring system used. With both methods, the ex-
tent and severity of myocardial ischemia was greater
in patients with severe (>70%) than in patients with
less severe {<70%) corcnary artery stenosis; how-
ever, in the individual patient the score is not help-
ful to predict the severity of coronary stenosis,
because of a considerable scatter of data when
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EXERCISE SPECT VS CORONARY STENOSIS
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Fig. 8. Correlation between ischemic perfusion score in-
dex and stenotic percent diameter (% DSY). A significant
correlation was found (p < 00011

percent diameter stenosis ia related to ischemic score
indexes. This is not an unexpected finding, because

_the population in this study represents a broad spec-

trum of single-vessel disease. with coronary artery
stenosis in different vessels and different sites of the
same vessel.

Limitations of the study. A potential limitation of
this study is that two different radiotracers were used
for perfusion studies. It is well known that thallium-
201 imaging can result in fixed perfusion defects in
the absence of sear., caused by late redistribution®!;
this could decrease the prevalence of ischemic re-
sponses. In this study the six patients with fixed de-
fects on thallium-201 seintigraphy also had an asso-
ciated transient defect in the same area; because our
criterion for positivity of SPECT was the presence of
transient defects, all these cases were considered
positive independently from the fixed defects. An-
other limitation is the result of the visual assessment
of both perfusion and echocardiographic studies. In
this regard, although quantitative analysis of SPECT
is galning acceptance, such analysis applied to stress
echocardiography is not vet a standardized proce-
dure.
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Abstract

To compare the diagnostic value of exercise echocardiography and perfusion single photon emission
computed tomography (SPECT) in the detection of the presence and the severity of coronary artery disease.
we studied 21 patients with isolated stenosis of different degree of the left anterior descending artery. Both
echocardiography and SPECT were performed in conjunction with the same symptom-limited bicycle
exercise test. Positivity of the test was based on the presence of exercise-induced wall motion abnormalities
and transient perfusion defects, respectively. For both tests, an “ischemic” score was derived. as index of
extent and severity of myocardial ischemia. Coronary arteriography was evaluated by caliper.

The agreement between exercise echocardiography and SPECT for the presence of coronary artery
disease was 90%: the discordance was due 1o two patients with positive echocardiography and negative
SPECT. A good correlation between ischemic wall motion and perfusion score indices was found (r = 0.78,
p < 0.0001. Moreover, the percent diameter stenosis was well correlated with both ischemic indices (r =
0.75. p< 0.0001; r= 0.67, p< 0.00L. respectively). In patients with a positive test, the mean value of
ischemic wall motion scor¢ index was higher in patients with a diameter stenosis = 70% than in patients with
a2 diameter stenosis <70% (0.59 = (.19 vs 0.29 = 0.12, p < 0.01): a similar trend was found for ischemic
perfusion score index (0.51 + 0.35 vs 0.27 & 0.12. ns).

The results of this study indicate that in patients with single vessel disease of left anterior descending artery
exercise echocardiography and SPECT give the same informartion on the presence, the extent and the
severity of myocardial ischemia.

Introduction

Exercise electrocardiography and myocardial per-
fusion scintigraphy are the most common non-in-
vasive diagnostic tests in patients with suspected
coronary artery disease [1-7]. In the last few years.
exercise echocardiography is emerging as a promis-

ing alternative for assessing the functional severity
of coronary stenoses {8-11]. However, few studies
have been addressed to compare the relative diag-
nostic efficacy of the two imaging tests [12-14].
Furthermore, no study has been designed so far to
explore the relation between the results of exercise
echocardiography and exercise perfusion scintigra-
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phy (when simultaneously applied) in patients with
coronary stenosis of different severity. In most clin-
ical studies. the visual assessment of ¢coronary ste-
noses has been used as "gold standard’ for assessing
the diagnostic efficacy of non-invasive tests.

Accordingly, we wanted to assess the diagnostic
value of simultaneous exercise echocardiography
and perfusion single photon emission computed
tomography (SPECT) in a homogeneous group of
patients with isolated left anterior descending coro-
nary artery stenosis, quantitatively assessed.

Study group

From july 1989 to august 1990, 221 patients primar-
ily referred for perfusion scintigraphy underwent
simuitaneous exercise echocardiography and
SPECT at the Thoraxcenter. From this large group
we selected all the patients who fulfilled the follow-
ing requirements: 1) isolated narrowing limited to
the left anterior descending artery on coronary ar-
teriography performed within two weeks of the
non invasive test: 2) no ECG evidence of previous
transmural myocardial infarction; 3) ne previous
cardiac surgery: 4) no evidence of cardiomyopath-
tes, congenital or acquired valvular hearnt disease.
Twenty-one patients comprised the study group
representing a consecutive series meeting the
above requirements; 17 were men and 4 were wom-
en. Their mean age ranged from 37 to 77 years
(mean 59 * I1 years). Seven patients had a docu-
mented previous non-Q wave myocardial infarc-
tion. At the time of the tests. betablockers were
being taken by § patients.

Methods

All patients underwent a symptom limited upright
bicycle ergometry with stepwise increments of 20
Watts each minute, ECG was continuously mon-
itored {leads 1I. V2, V5) and recorded every min-
ute (12-lcad). The level of the ST segment was
calculated by a signal averaged computerized sys-
tem {Cardiovit C$G/12. Schilier). A =1 mm hori-
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zoatal or downsloping ST segment depression oc-
curring S0msec after the J point was considered
ischemic. Seventeen patients reached an adequate
exercise end-point. defined as the development of
ypical angina pectoris. ischemic ST segment de-
pression. or achievement of =33% of their maxi-
mal predicted heart rate.

SPECT imaging

A1 peak exercise. either 370MBg of 99 m-Te¢-me-
toxy isobutyl isonitrile {MIBI) (n = 12) or 111 MBq
of 2U1-thallium (n = %) was injected in an antecub-
ital vein. Patients continued to exercise for another
one to two minutes. Then. the protocol was differ-
ent. according to the different radiotracer used.
When 20 !-thailium was administered. stress imag-
ing started within 10 minutes of the termination of
exercise and redistribution images were acquired 4
hours after the injection. When MIBI was used.
stress images were acquired one hour after exer-
cize: for resting studies, patients were reinjected
with 370 MBg of MIBI at least 24 hours after the
stress studies.

Allthe images were acquired by a Siemens Gam-
masonics single head Reota Camera (Orbiter)
equippad with 37 photomultiplier tubes. a 3/8 inch
Nal crystal and a low-energy. all-purpose collima-
tor. Thirtv-two projections were obtained (180°
scanning, from left posterior oblique to right ante-
rior obiique projection) with an acquisition time of
13 sec per projection. The digitizing matrix (64 X
&4 word mode) was selected in the mid portion of
the camera image by using a zoom factor V2,
Tomozraphic data were reconstructed with the
SPETS package (Nuclear Diagnostic AB. Hag-
sten. Sweden). The direction of Jeft venrricular
long axis was determined from two orthogonal
views (anterior and lateral): oblique slices (short
axis) and sagittal slices (vertical long axis). perpen-
dicular and parallel to the long axis respectively.,
were reconstructed. For each patients. six oblique
(short axis) siices were defined from the apex to the
base. and three sagittal slices from scptum to the
fateral wail.



To compare exercise and reperfusion studies,
the short axis and the sagiual slices were displayed
as pairs and interpreted by the same experienced
observer, who was unaware of clinical data. echo-
cardiographic and angiographic results. In our cen-
ter. simultaneous scintigraphic and echocardio-
graphic studies are always interpreted and scored
without knowledge of other data. Each short axis
slice was divided into 8 equal-sized regions: the
septal part of the two upper slices (4 segments) was
not evaluated, since this portion corresponds to the
fibrous interventricular septum and may result in
reduced uptake. The apical region was evaluated
from the three central sagittal cross section, yelding
a total of 44+ 3 = 47 segments per patient study.
The myocardial uptake of the radiotracer was vi-
sually graded for each segment with a 5-point scale
(0= normal. 1= slightly reduced uptake, 2=
moderately reduced uptake, 3 = severely reduced
uptzke, 4= "absence’ of uptake). An ‘ischemic’
response was defined as transient perfusion defects
in at least two contiguous segments and/or slices.
Perfusion score indices were then calculated by
averaging the scores for all segments, both in the
post-exercise and in the reststudies. An “ischemic’
perfusion score index was derived by the difference
between stress and rest indices, giving an idea on
both extent and severity of myocardial 1schemia.

Exercise echocardiography

All echocardiograms were performed by a cardiol-
ogist. using either a 3.5 or 2.5 MHz transducer and
a commercially available wide angle phased array
svstem (Hewlett Packard, Sonos 1000}. Standard
parasternal long- and short-axis views and apical
two and four chamber views were recorded at rest
with the patient in the left lateral position. Multiple
apical views, including the apical long-axis view,
were used instead of parasternal views when the
latter gave poor image guality. After reaching the
exercise end point, the patients were immediately
placed in the same left lateral position and the
stress echocardiograms were obtained in the same
four views. The rest and stress images were record-

ed on videotape and were also digitized on line
using 2 Nova Microsonics PreVue III system. This
system was set up to record at rest one repre-
sentative cardiac cycle obtained from 4 different
views. After exercise, 4 consecutive cardiac cycles
for each view were captured: the cycle with the
highest image quality was then selected and dis-
played side-by-stde with the corresponding rest cy-
cle. Two different quad-screen formats, showing
the test and stress images. were finally storedina 5
1/4 inch double-side high-density floppy disk.

All echocardiograms were reviewed on floppy
disk as a continuous loop at different playback
speeds by two observers who were unaware of the
results of exercise test, scintigraphic data or coro-
nary arteriography. For purpose of analysis, left
ventricular wall was divided into 14 segments [15].
Both systolic wall thickening and inward wall mo-
non were visually evaluated: each segment was
graded with a 4-point scale (1 = normal. 2 = hypo-
kinetic. 3 = akinetic, 4 = dyskinetic). An ischemic
response was defined as a wall motion abnormality
inone or more segments which were normal at rest,
or a worsening of wall motion in one or more
segments which were hypokinetic at rest. A wall
motion score index was derived, for both rest and
stress studies. by dividing the total score by the
number of the segments. An “ischemic’ wall motion
score index was then calculated from the difference
between stress and rest indices. Accordingly. an
ischemic score by 0 was associated with no evidence
of stress-induced myocardial ischemia. In our fab-
oratorv, inter-and intra-observer variability for
stress echocardiography has been found to be mini-
mal [I4].

Assignment of different left ventricular regions to
specific coronary arteries .

To assign the vascular territories of the different
coronary arteries, both the 47 segments imaged by
SPECT and the 14 segments imaged by echocar-
diography were combined in the same correspond-
ing ventricular regions, denoted as anterior, post-
erolateral, inferior, interventricular septum, and



apex. The interventricular septum and the apex
were attributed 1o the left antertor descending ar-
tery distribution: the lateral wall to the left circum-
flex artery: the inferior wall to the right coronary
artery.

Coronary arteriography

Coronary aneriography was performed using the
Judkins technique. Coronary cineangiograms were
anafyzed with a PC-based coronary analysis system
with a manual caliper program in its basic config-
uration. developed in our center {16]. For this pur-
pose. the cinefilm was mounted on a standard Ta-
garno 35 CX projector with built-in video camera.
A selected cineframe was then converted into vid-

eo format. digitized at a resolution of 512 x 512 x
8 bits and displayed on a video monitor. For cali-
bration. a region-of-interest around the catheter
tip was selected with the mouse of the system,
magnified two-fold with linear interpolation and
displaved on the video monitor for subsequent
measurements. Next. the user indicated with the
mouse three pairs of points at the sides of the
magnified catheter segment. The average value of
the measured width expressed in pixels was com-
pared with its true size (in mm). resulting in a
calibration factor in mm/pixel. Then, the arterial
segment to be analysed was magnified two-fold and
linearly interpolated. and the user defined the ob-
struction and reference diameters. From these ab-
solute values. percent diameter stenosis was calcu-
lated.

Tuble f. Exercise echocardiography and SPECT with the coronary angiography findings in the study group.

Pt A/G MI bB ANGIO ECHO SPECT ISCHEMIC  EXERCISE RADIOTRACER
INDICES TESTING
rest stress  rest stress echo  spect op &t end-point
noseM + + 0 100% - LAD - LAD 71 &0 -+ o+ MIBI
N 30M -~ - 100% - LAD - LAD Es 3 - + + MIBI
3 49/M 4+ + S0% - LAD - LAD A2 32 - - + MIBI
1) 63M -~ + 77% - 1AD - LaD 9 34 + + + 201-TE
3 55M o+ - Ti% - LAl - LAD Tl Lo - + + 201-11
& TIM - - 67% - LAD ~ - 35 0 + + + MIBI
oeUM - - 65% - LAD - LAaD 42 23 - + + MIBI
8y 66/M + + 84% LAD LAD LAD LAD 33 47 - + + 201-T1
9 3TM  + - 51% - LAD LAD LAD 14 38 + + + 201.T1
10) 43~ + 58% - - - - 0 0 - - - 201-T1
11y SuM + + 57% - LAD LAD LAD 42 A7 - - + 201-T1
12y TIM - - 5% LaD - LAD - 0 1} - + + MIBI
13 7UF - - 54% - LAD - LAl 1+ 21 - + + MIBI
4y &F - - 52% - - - - n ( + + + 201-T1
15) 6+ - 2% LAD LapD - o 2} - - + MIBI
16} 6M - - 9% - LAD - LAD/RCA 21 17 + - + MIBI
177 6dM - % - LAD - - 21 0 - - + MIBI
18) JWF - + J8% - - - - 0 0 + = - MIBI
19) 67 - - 17% - - - - it 0 - + + MIBI
200 6IM - + 40% - - - - [t n - - - 201-T1
21} 65F - - 37% - - - - 0 0 - - - 201-T1

A'G = Agelgender: MT = previous non-Q wave myocardial infarction: bB = betublocker therapy: Angio = percent diameter stenosis
on coronary arteriography: ap = angina pectoris, st = ischemic §T sepment changes: end-peint = achigvement of an adequate

end-point.

The results of exercise echocardiography and SPECT are expressed as specifiv coronary arteries attributed to wall motion abnormalities
or perfusion defects. LAD = left anterior descending artery: RCA = nighr coronarsy artery,
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Fig. 1. Sensitivity and specificity of exercise ECG. echocurdiog-
raphy (ECHO) und SPECT for the dutection of left anterior
descending coronary artery disease {(diameter slenosis = 30%).
Numbers on the 1op of the bars represent absolute values.

Results

Some clinical data. the results of exercise ECG.
echocardiography and SPECT. and the findings en
coronary arteriography are reported in Table 1.

Sensitivity and specificity of exercise ECG,
echocardiography and SPECT for the diagnosis of
coronary artery disease {defined as % diameter
stenosis = 30) are represented in Fig. 1. 5T seg-
ment depression was presentin 11 patients with and
in 1 patient without coronary artery disease. Tran-
signt wall moton abnermalities were detected in 13
patients: in 11 of them a diameter sienosis = 30%
was found. The other two patients had a diameter
stenosis of 49% and 48% . respectively. All patients
with a negative echocardiography had 2 diameter
stenosis <60%.

Transient scintigraphic perfusion defects were
found in 11 patients: ten of them had a diameter
stenosis = 30%. The other paucents bad a diameter
stenosis of 49% and concordant stress induced wall
motion abnormalities.

The relation between the results of the tests and
the seventy of coronary artery discase is shown in
Fig. 2. The prevalence of a positive exercise echo-
cardiography or SPECT is related to the degree of
the stenosis: all the patients with a diameter steno-
sis > 70% had both positive exercise echocardiog-
raphy and SFECT: in the 10 patients with a dia-
meter stenosis between 30 and 70% . exercise echo-

=70% {n=5) 50-70% {n=10} <50% (n=5}
DIAMETER STENQSIS
B Ecc ECHO ] sPECT

Fig. 2. Prevalence of a positive result on exercise ECG, echocar-
dicgraphy (ECHQ) and SPECT according to the different sc-
verity of left anterior descending coronary artery stenosis.

cardiography and SPECT were positive in 6 and in
5 patients, respectively: and in the group with a
diameter stenosis < 30%., two patients were posi-
tive on echocardiography and one patient on
SPECT. The incidence of ST segment depression
was more ‘uniform’, while the distribution of angi-
na pectons during the test was unpredictable.

The agreement between exercise echocardiog-
raphy and SPECT for the presence of coronary
artery disease isrepresented in Fig. 3. There was an
overall good agreement between the two tests (19/
21 patients, 90%). Of the 8§ patients with both tests
negative, 4 did not achieve an adequate exercise
end-point. The disagreement was due 10 two pa-
tients who had a positive exercise echocardiog-
raphy without transient perfusion defects on
SPECT.

Assuming that ischemic score indices represent
the amount of myocardium at risk, we compared
wall motion and perfusion score indices each other
and with the diameter stenosis. Although the dif-
ferent left ventricular wall segmertation and the
different score system we used. a good correlation
between the two indices was found (r= .78, p<
0.0001). Moreover, the % diameter stenosis was
well correlated with both wall motion and perfu-
sion ischemic score indices (r= .75. p< 0.0001:
r= .67, p<< 0.001. respectively).

Among patients with a positive test, ischemic
wall motion score index was higher in patients with
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Fig. 3. Agrecment between exercise echocardiegraphy and
SPECT in the spudy group. -+ = positive result; — = negative
result. )

diameter stenosis = 70% than in patients with dia-
meter stenosis < 70% (0.59 + 0.19 v 0.29 = 0.12.
p < 0.01}; a similar trend was found for ischemic
perfusion score index, although the difference was
not statistically significant (0.51% 0.35 vs 0.27 =
0.12, ns) (Fig. 4).

Discussion

The purpose of this study was to compare exercise
echocardiography and perfusion SPECT ina group
of patients with left anterior descending coronary
arterial stenoses. In recent years, exercise ¢chocar-
diography has been proposed as a feasible and
low-cost alternative technique to scintigraphy for
the diagnosis of coronary artery disease [8-11].
However. there are very few studies addressing the
comparative value of the two tests for the diagnosis
of the presence and the severity of coronary artery
disease, and in these studies the assessment of cor-
onary arteriograms was limited to a visual judge-
ment [12-14]. We have already compared the re-
sults of exercise echocardiography and perfusion
SPECT in patients with suspected coronary artery
disease and normal ECG at rest [14]; we found a
very good agreement between the two tests for the
detection of left anterior descending artery stenos-
es visually evaluated.

The main features of the present study are: a) the
homogeneous group of patients with single-vessel
discase of proximal or mid left anterior descending
artery: 2) exercise echocardiography and SPECT
simultaneously performed: 3) analysis of coronary
lesions by caliper technigue.

The resuits indicate an excellent agreement be-
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Fig 4 Mean wall motion (ECHO) and perfusion {SPECT)
ischemia score indices in patients with positive test and different
degren of COronary artery stenosis.

tween exercise echocardiography and scintigraphy
for the diagnosis of the presence of “significant’
coronary disease and for the severity of myocardial
ischemia. In particular, analysis of echocardio-
grams and SPECT showed a more extensive and
severe new wall motion abnormalities and iran-
sient perfusion defects in patienis with diameter
stenosis > 70%. compared to patients with less
severe stenoses (Fig. 4): however, in the individual
patient the score is not helpful to predict the sever-
ity of coronary stenosis. due to the considerable
overlap of the values.

Consistent with previous scintigraphic and echo-
cardiographic studies [17-20]. sensitivity was high-
estin patients with more severe lesions. of 70% or
more. confirming that the prevalence of an ischem-
ic response is primarily related to the severity of
coronary sienosis. Based on our previous experi-
ence [12-14. 21]. these positive results cannot be
extended 1o patients with disease of left circumfiex
or night coronary artery. in which the sensitivity of
exercise echocardiography is slightly lower than
that obtained by SPECT.

Limitations of the study

In this group of patients the usual antianginal ther-
apy was not discontinued: this could affect the as-



sessment of ‘true” sensitivity and specificity of the
tests. In particular, 4 of the 8 paticats with both
tests negative did not reach an adequate exercise
end-point. and 3 of them were on betablocker ther-
apy. However, the aim of this study wus not 1o
assess the physiologic significance of a coronary
stenosis. Rather. we wanted to compare exercise
echocardiography an SPECT for the detection of
myocardial ischemia in a group of patients primar-
ily referred for perfusion scintigraphyv. conditional
1o their medical treatment.

Another potential limitation of this study is due
to the different radiotracers used for SPECT stud-
ies. The presence of a *fixed’ perfusion defect on
201-thallium imaging could be due to late redistrib-
ution. indicating ischemia rather than scar [22].
This could decrease the prevalence of an ischemic
response. In the present study, 3 patients had a
fixed defect on 201-thallium SPECT. but all of
themn had also a reversible defect in the same area.
Since positivity of SPECT was based on the pres-
ence of reversible defects, these 3 patients were
considered positive, independently from the fixed
defects.

Clinical implications

The results of this study suggest that exercise echo-
cardiography and perfusion SPECT give the same
information on the presence. the site. the extent
and the severity of myocardial ischemia in patients
with single vessel disease of the left antenor de-
scending artery. The resuits of post-exercise echo-
cardiography are strongly dependent on the skill of
the operator 1o record good quality images as soon
as possible after termination of excreise. Further-
more, wall motion is the most difficult echocar-
diographic parameter 10 evaluate. In the present
study, echocardiographic images were interpreted
by two observers (because this is the policy in our
center); however, the low inter- and intra-observer
variability for stress echocardiography in our lab-
oratory indicates that this is not relevant for ¢linical
test utilization. provided a goed and long specific
trzining be done. On the other hand. perfusion
scintigraphy requires high cost equipment not al-

ways readily available. The choice of the “hest’
method relies on the facilities available in the in-
stitution and on the level of expertise of the individ-
ual laboratory.
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This study was designed (1} to assess the relationship berween siress exercise echocardiography (echo) and 201-Tl single
photon emission computed tomography (SPECT) applied simultaneously in 23 parients who were candidates to percu-
taneous (ransluminal coronary angioplasty ( PTCA), (2 1o assess the relationship between the development of exercise-
induced wall motion abnormalities, transient perfusion defects and the severity of quantitatively assessed coronary stenoses
and (3) 10 compare the funcrional improvement after PTCA by exercise echo and SPECT. Before PTCA there was an
agreement of 78% between stressecho (rew wall motion abnormalities ) and SPECT ( transient perfusion defects) results.
All patients with a percentage diameter stenosis > 70% had a positive echo and SPECT . while they were both negative iff
the percentage diameter stenosis was < 50%. In 19 patients re-studied 4 weeks after PTCA, an ischaemic response at siress
echo was found in twe of the I3 patients who had a positive stress echo test before PTCA, and SPECT was still positive in
three of the 10 patients who had a positive SPECT study before PTCA. Echo and SPECT were concordant in I7{19 cases.
It is concluded that exercise echo and 20 1-T! SPECT are useful non-invasive tools for the functional assessment of patients

before and after PTCA, and thart they provide highly concerdant resudts.

Introduction

Non-invasive assessment of patients with coronary artery
disease is of paramount importance for clinical decision
making and prognostication. There is an increasing con-
sensus that digital stress echocardiography provides such
a useful diagnostic tool!', while 201-T1 single photon
emission computed tomography (SPECT) became state of
the art procedure for studying myocardial perfusion™.
Since both techniques provide useful information it is
important 1o assess their relative advantages.

The aim of this study was (1} 10 assess the relationship
between exerciseecho and 201-TISPECT forthe diagnosis
of myocardial ischaemiz in 2 group of patents before
PTCA, {2} o clarify the relationship between the devel-
opment of exercise-induced wall motion abpormalities
assessed by echo, transient myocardial perfusion defects
on SPECT and the severity of quantitatively assessed
coronary stenoses, and (3) to compare resulis
after successful PTCA with both stress echo findings and
SPECT.

Patients ard methods
STUDY PATIENTS

The study groupincluded 26 patients with stable angina
pectoris prospectively enrolled and who were candidates
Submitted for pubbeation on 12 Septamber 1990, and m rovised form 2
January 1991.
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for PTCA. Of these, 23 had a good quality simultancous
stress echo and 201-T1 SPECT study. Twenty-one of these
underwent PTCA which was technically successful in 19,
These were re-studied with stress echo and 201-TISPECT
4 weeks after the procedure. Of the four patients who did
not undergoe a sequential study. two did not undergo
PTCA because of remission of symptonas and two had a
non-suceessful PTCA. The individual patient character-
istics and the results of bicycle ergometry, stress echo and
SPECT are represented 1n Table 1. Beta blockers were
withdrawn 2 days before the test, while other medication
was continued. Stress echocardiography and 201-Ti
SPECT were not used for sclecting these patients for
PTCA, since the indication kad already been given based
on clinical evaluation and coronary arteriography.

EXERCISE TESTING PROCEDURE
Symptom-limited upright bicycle ergometry was per-
formed with stepwise increments of 20 Watts each minute.
The ECG was continuously monitored (leads IT, V, and
V). A 12-lead ECG recording was obtained at rest dnd
¢ach minute duriag the exercise and cuff blood pressure
measurement every 2 min. Computer averaging of the
clectrocardiographic complexes was performed by the
Schiller system Cardiovit CSG/12. An ischacmic response
was defined as >[ mm horizontal or dowasloping ST
segment depression occurring at 80 ms after the J point.

SPECT THALLIUM-201 SCINTIGRAPHY

One minute before the exercise was terminated,
111 MBq of thallium were injecied intravenously. The
paticnts were imaged with a rotating gemma camera
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{Siemens Gammasonics Rota~camera, Orbiter) 3 minand
4 h after thallium injection. Thirty-two projections were
obtained (from left posterior oblique to right anterior
oblique projection) with an acquisition time of 45 per
projection. The digitizing matrix {64 x 64 word mode) was
sclected 1n the mid portion of the camera image by using a
zoom factor of \/ 2. The tomographic data were processed
on a Gamma 11 computer system with a floating point
processor. Transaxial tomograms were reconstructed
with the commercially available SPETS package (Nuclear
Diagnostics AB, Hagsten. Sweden). From the three-
dimensional data cube, slices were selected both perpen-
dicular and parallel to the long axis. For each patient. six
oblique {short axis) slices were defined from the apex to
the base and three sagitial slices from septum to the lateral
wall. To compare exercise and reperfusion studies, the
short axis and the sagirtal slices were displayed as pairs
and interpreted by two experienced observers without
knowledge of chinical and echocardiographic results. The
slices were four pixels thick, partially overlapping. Each
short axis slice was divided into cight approximately
equal-sized regions: the septal part of the upper two slices
(four segments) was not evaluated, since this pertion
corresponds to the fibrous interventricular septum and
thus may show reduced thallium uptake. The apical
region was evaluated from the three central sagittal cross
sections. yieldingatotalof 44 + 3 =47 segments per patient
study. The thallium uptake of cach segment was graded
semiquantitatively, based on a five-point scoring method
(0=normal. I =slightly reduced, 2 =moderately reduced.
3=sgeverely reduced. 4=absent uptake). Ischaemia was
defined based on the presence of a stress perfusion defect
that partially or completely resolved at the delayed
imaging. Because ofits doubtful meaning, & post-exercise
score of I with nermai score at redistribution imaging was
not considered as ischasmic. Perfusion scores were then
calculated by summing the scores of all the seaments. both
in the post-exercise and in the rest studies.

EXERCISE ECHOCARDIOGRAPHY

Two-dimensional echocardiograms were performed in
the left lateral decubitus position before and immediately
after exercise, using 2 commercially available wide angle
phased array Imaging system (Hewlett Packard Sonos
1000). Examinanion at rest included conventional para-
sternal long- and short-axis views and apical four- and
two-chamber views. Transducer positions were marked
on the patient’s chest wall: if coincident with those of one
of the ECG precordial leads. the ¢lectrode was placed ina
lower intercostal space. Immediately after exercise. the
patient reassumed the same left lateral decubitus and
the post-exercise study was obtained from the same echo-
cardiographic windows, As a result, thallium scanning
was not delayed. and imaging always began within S min
of the end of the excrcise. Both rest and stress studies were
recorded on videotape and digitized on-line with 2 Nova
Microsonics PreVue 111 System (ATL). This system
allows the user to display pre- and post-exercise images of
cach standard echocardiographic view side by side in two
different quad-sereen formats. Final echocardiographic
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Figure 1 Schematic representation of the segmentation used for
assessing echocardiography (1a) and SPECT {1b).

data were stored on a 5-25 inch double-side high-density
floppy disk for later analysis. All ecchocardiograms were
analysed by two experienced observers unaware of the
results of the ergomerric test. scinugraphic data or
coronary angiography. For purposes of analysis, the left
ventricular wall was divided into 14 segments {Fig. [a). In
each study, wall motion was visually evaluated at rest and
afrer exercise and graded as 1 =normal, 2= hypokinetic,
3=akinetic, 4== dyskinetic.

A wall motion score index was defined by the sum of
the scores of all the segments divided by the number of
segments. The difference in wall motion score indices
between the post-exercise and rest studies was then calcu-
lated; thus. a difference of 0 represented a normal examin-
ation. On the other hand. the difference in the scores
between post- and pre-PTCA studies gave information on
the results of the procedure. -

The inter and intra-observer reproducibility of the
interpretation of the SPECT imaging and stress echo in
our institution is good, as previously reported'™!" both
for the scoring system!'” and for the diagnosis of an
ischaemic response where the agreement ranged from 83
10 92%",

CORONARY ANGIOGRAPHY

Coronary cineangiograms were analysed semiquanti-
tatively with a PC-based coronary analysis system with a
manual culiper program in its basic configuration devel-
oped in our ¢entre!'™L For this purpose, the cinefilm is



Tuble I Baseline charaeteristics and results after PTCA in all individual patienis

Patient 1 2 3 4 5 & 7 8 g 10 11 12 13
Age (vears), sex (M/F) m m m r m m T T m m m m m
62 [ 56 56 62 50 62 64 57 73 65 55 62
Previcus Ml - + - - -+~ - - - -+ -+ - -
non-q non-q non-q
Exercise £ECG
Wart B 80 140 120 140 (40 120 120 120 140 140 140 120 120
A MO 140 ; 1200 150 100 100 100 130 140 133 f !
N 163 16s 166 130 148 132 92 110 IS6 109 133 136 156
Muax HR B 11§ 105 123 163 143 130 1s0 144 112 133 125 149 134
A 123 149 ;164 102 150 162 148 160 139 135/ /
Angina/ B 4/+ +i4+ =i+ — = + '+ = — i~ = = =)= S+ )+ ——
ST-depression A =i+ +,+ | == =4+ = — = == = == ]
Vessell s} divease LAD LCX RCA RCA LCX LCX RCA LAD RCA RCA RCA LCX RCa
LCX
Sienosis diameter (%) 77 & 100 0 &2 38 74 39 59 38 75100 80
60
Residua) diameter stenosis 27 [} P4 100 2 3z 21 3 23 29 ! /
after PTCA (%)
Echo
Ischaemia B + + i - T+ + + = + + + + [/
A - ! - + - - - — — - / /
Excrcise WM score B 18 150 [28 128 {64 42 | 21 107 178 SO/
Al 1-07 / 128 11 142 142 i 1 1 1-07 ! /
Resting WM score B 107 1 ! 128 1 130 1 1 1 1 1-67 1 /
Al 107 128 1 42 b14 ] 1 1 07 /
SPECT
[schaermia B + + + - + - + - + - + / -
R e A S S
Exercise score B 30 28 26 1 27 87 33 3 13 18 40 / 44
A 1 18 / 1 16 4§z 10 i 2 15 [ / /
Resting score B 4 18 L5 b 11 82 g i 6 21 2 / 45
A 2 18 / = 0 80 4 12 5 11 7 / !

B: before PTCA: A: after PTCA: N: normal expected values: WM: wall motion.

mounted on & standard Tagarno 35 CX projector with
built-in video camera. A selected cineframe 1s then con-
verted into video format. digitized at a resolunon of
512 x 512 = 8 bits and displaved on a video monitor. For
calibration purposes, a region-of-interest {RQI) around the
contras! catheter is selected with the mouse of the system.
magnified two-fold with linear interpolation and displayed
on the video monitor for subsequent measurements. Next,
the user indicates with the mouse three pairs of points at
cither side of the magnified catheter segment. The average
value of the measured width expressed in pixels is then
compared withits truesize (inmm}, resulting ina calibration
[actor in mm pixel™'. Following this the arterial segment to
be analysed 1s magnified two-fold and linearly interpolated.
and the user similarly defines the obstruction and reference
diameters, From these abselute values, pereentage diameter
stenosis can be calculated simply.

STATISTICAL ANALYSIS
Analysis of the data was performed by paired and
unpaired Student’s t-test, when appropriate.

Results

The individual results are reported in Table 1.

ASSESSMENT BEFORE PTCA
Relation berween ergometric results, stress echo and
SFECT

Before PTCA the median working capacity was 140
Watts {range 8§0-200). and the medizn maximal heart rate
was 134 beatsmin~' (range 100-167). In Table 2 the results
of echo and SPECT have been summanized separately
according to the symptomatic and the electrocardio-
graphic responses 0 bicycle crgometry. The results
indicate a similar prevalence of positive echo and SPECT
in the groups with a different response to exercise electro-
cardiography.

Concordance of an ischaemic response by stress echo and
SPECT

An ischaemic response during exercise was found by
echo in 14/23 cases and in 11/23 cases by SPECT. As
shown in Fig. 2 there was an agreement of 78%. In the
four cases where echo was positive and SPECT did not
show transient perfusion defects, a *fixed’ perfusion defect
was present, consistent with the diagnosis of a previous
myocardial infarctien. In all cases with an ischaemic
response, both by echo and SPECT, the location of the
abnormality was consistent with the distribution territory
of the stenotic vessel.



Patient 14 15 15 17 18 19 20 2 23 4 25 26
Age (years), sex {M/F) m m f o m m m m m H m f m
30 56 63 St 63 3 50 43 3 683 62 61 43
Previous M1 +- - - - + + — - - - + - -
non-q non-g non-q
Exercise ECG
Watt B 200 100 120 160 10 &0 160 180 140 120 120 9 led
A 200 i 125 p 130 200 160 3120 180 ! 170
N 176 166 107 IR 2200 130 138 196 13 117 1500 120 208
Mux HR B 132 11§ 134 1% 133 13 100 13 132 167 122 100 120
P A 14 ! 143 177 125 151 133 170 140 / 130
Anginaf B ++ 4+/+ +/+ — = + = —+ —i+ — 4+ — = +i+ —|— +/— +[—
ST-depression A - = e - = - — = == == == ==
Vessel(s) disease LAD LAD LCX LCX LAD LAD RCA LCX LAD LAD RCA RCA LAD
RCA LAD
Stenosis diameter (%) 37 100 5% =3 60 43 73 69 74 57 67 57 58
63 tvisual) 66
Residual diameter stenosis X / 14 39 13 21 35 30 5 / 20
after PTCA {%)
ECHC
Ischaemia B+ + - - + - -+ - + - + - -
A - p - - - - - - ==
Exercise WM score B 142 183 1 1 42 1 164 114 171 I 128 1 1
Al / 1 1 107 114 107 I I-14 / 1
Resting WM score B 1 I-14 1 I | 1 1-07 1 1 i 14 1 1
Al / 1 i 107 1 107 I I-14 i/ 1
SPECT
Ischaemia B - + + - + - + - + - — - -
A - / + - - - - - + / -
Excrcise score B 2 43 24 1 4 3 33 0 32 4 20 0 2
A 1 7 11 10 12 0 13 2 19 / 2
Resting score B 27 3 1 il 12 43 0 10 0 25 0 4
A 19 g 1 4 15 0 3 1 13 3
Table 2 Relption benveen stress efcctrocardiography, echo and Eore
SPECT in 23 candidares for PTCA + —
Angina: + - + - + o] | al
ST depression: + - - -
JSPECY
Number 11 3 5 4 - 4 g 12
Echo positive 8 z 2 2
SPECT positive 8 2 1 0 ” .
. - . Agreement |8/23 = T8%
Echo positive: new wall motion abnormalities: SPECT positive:
transient perfusion defects. . )
Figure 2 Two-by-two table indicating the relation berween stress-

Relation berween stress echo and SPECT resulrs. and the
severity of the coronary stenoses before PTCA

An ischaemic response was found in only some of the
patients. 14/23 by echo and 11/23 by SPECT. In these
patients z quantitative analysis of the coronary stenosis
was technically possible in all but one patient. In Fig. 3
the severity of the coronary stenosis is compared in the
groups of patients with a normal and an ischaemic
response during exercise, by echo and SPECT. It clearly
appears that the group of patients with an ischaemic
response with ecither test had a more severe coronary
stenosis as compared to those with a non-ischaemic
response.
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induced new wall motion abnormalities (echo-+) and _transient
perfusion defects (SPECT + ) in 23 candidates for PTCA.

However, while patients with a diameter stenosis
greater than 70% always had an ischaemie response, the
group with a stenosis diameter berween 30 and 70% had
an unpredictable response 10 stress, independent of the
vessel involved. The two patients with the least severe
stenosis. less than 50%. both had a negative echo and
SPECT. These two patients had been referred for PTCA
based on symptoms. the results of bicycle ergometry and
visual assessment of coronary angiogram (scored as more
than 50% diameter stenosis).
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Figure 3 Comparison of percentage of dizmeter coronary sienoses in
palients with 4 positive vs. negative echo and SPECT, before PTCA.

Table 3 Results of sequential bicvele ergometry, stress echio and
SPECT in 19 patienis before and four weeks afier PTCA

Before Alter
PTCA PTCA
Working capacity (Warts) 138 (SD25) 1445 (5D 31
Max heart rate (beatsmin=") 134(SD 18) 43(8D 18
Anginz.n il 2
$T segment depression, n 2 4
Echo positive, n 13 2
SPECT positive. nn 10 4
P05
Echo
-+ -
+ 2 2 4
SPECT
- o 15 15
2 17

Agreement (7719 = SS%J

Figure 4 Two-bv-two table indicating the relation between stress-
mduced new wiall motion abnomalitzes (echo+) and transient
perfusion defects (SPECT + ) in 19 patients, 4 weeks after PTCA.

FUNCTIONAL RESULTS AFTER PTCA
Sequential stress echo and SPECT were applied before
PTCA and 4 wecksafier PTCA in 19 patients. The overall
results of ergometry, stress echo and SPECT are rep-
resented in Table 3. The results indicate that in this group
of patients there was a dramatic decrease of stress-
induced ischaemic responses alter PTCA., as judged by
angina, ST segment depression, stress echo and 201-Th
SPECT. Fig. 4 represents the agreement between stress
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Fizure 6 Immediate post-exercise echo severity score In 19 patients
before and 4 weeks after PTCA.

echo and 201-T1 SPECT in the assessment of myocardial
ischaemia after PTCA in these patients; it was very good
(89%). In Figs 3 and 6 the individual changes after PTCA
of the severity score by SPECT and echo are shown, which
all significantly improved in thus group. Of the SPECT
score., it should be pointed out that not only the exercise
but also the redistribution score impreved by a similar
extent. showing a deerement after PTCA of 61% and
58%. respectively,

Discussion

The main findings of this study are that in a cohort of
PTCA patients. stress echocardiography and 201-T1
SPECT are both useful in assessing the (unctional signifi-
cance of coronary lesions and that both techaiques pro-
vide highly concordantinformadon. Secondly. sequential
stress echo and 201-T1 SPECT before and after PTCA are
equally useful for detecting the directional changes of
stress-induced new wall motion abnormalities or transient
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perfusion defects. which express different functional vari-
ations after revascularization. These results are not new.
sinceseparateechocardiographicand scintigraphicstudies
had already demonstrated similar indings™™. However.
this study is the first one in which both tests were applied
simultaneously in the same patients. One earlier study had
coropared planar 201-Tlscintigraphy with exercise echol'l:
however, itisincreasinglyaccepted that SPECT issuperior
1o planar scintigraphy!”l. Furthermore, SPECT is more
suitable for comparison with echocardiography. both
rechniques being tomographic.

Our findings, as represented in Fig. 2. indicate that
before PTCA there was on average a good agreement
(78%) for ‘ischaemic’ responses between the two tech-
niques: however, four patients had a positive echo with a
SPECT result which was classified as non-ischacmic.
Although the number of patients is low, itis werthwhile to
note that three of these patients had a previous myo-
cardial infaretion, which was consistently imaged by
SPECT as a fixed perfusion defect. It has recently been
observed in different studies that a fixed 201-T1 perfusion
defect can also be consistent with myocardial ischasmia.
since {1) in some of these patients a partial redistribution
is apparent only if a later scan is performed 12-24 h after
exercise!'¥, and (2) since part of such fixed defects may be
reversible after revascularization®, Therefore. the “false”
negative SPECT studies could be partially explained by
the fact that in our study redistribution scan was oblained
only at 4 h after exercise. These findings are important
since they underscore and confirm a pitfall of wsual proto-
cols with 201-T1 scintigraphy therefore suggesting that
later imaging or a re-injection of 201-Thallium is indi-
cated in patients with a persistent defect on the usual 4-h
images.

It will also be interssting to assess in future studies
whether. as suggested by our initial experience in a differ-
ent study™, the number of ‘false negatives™ by nuclear
perfusion studies will be reduced with the newer Te 99m
labelled radiotracers (MIBID!'™, which are characterized
by an absence of redistribution, in contrast te 201-T1L.

In contrast with most studies, we utilized a quantitative
methed for assessing the severity of coronary lesions!! ™ 1o
which the non-invasive tesis were compared. This would
allow assessment of the cut-off value beyond which a
coronary stenosis becomes functionally impertant.
This point has been very recently stressed in an echo-
cardiographic study by Sheikh er o/ who found a
relation berween the quantitatively assessed coronary
stenosis and the results of exercise echo, which is very
comparable to our findings. The importance of a guanti-
ative assessment of coronary stenosis is illustrated in
Fig. 3. It should be noted. however, that all the corenary
lesions were scored as 50% or more by visual assessment.
However. the diagram in Fig. 3 indicates that in two
cases the stenosis was less than 50%. being 39% and 43%,
but in both cases stress echo and SPECT were negative.
consistent with a non-severe lesion.

Our results indicate that in all cases with z stenosis of
more than 70%. both ¢cho and SPECT were positive. In
the intermediate zone (30 10 70% diameter stengsis), the
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response to exercise in these patents was unpredictable.
with only about one-half being ischaemic on echo and/or
SPECT. It is very important to underline that stress echo
and 201-T! SPECT provided very similar results when
related 10 the seventy of the coronary stenoses. Further-
more. three recent stress echocardiographic studiest™™
and one study by 201-T1 SPECT™ have shown that both
techniques are useful for demonstrating improvements of
regional wall motion. global left ventricular function and
myocardial perfusion during exercise, after a successful
PTCA. Our results in the 19 patients who underwent a
second combined stress study 4 weeks afier PTCA con-
firm these previous findings (Fig. 6). In addition, our
study dernonstrated that in this setting there is also an
excellent agreement on the functional assessment of the
individual patients {(Fig. 4). In our experience. rmost
patients already had a negative echo and SPECT results 4
weeksarter PTCA. Thisis partially in disagreement with a
recent scintigeaphic study n which a resolution of the
perfusion defect was only found some time after PTCAFL.

An additional interesting finding of our study on
SPECT mmagng was that after PTCA there was a parallel
improvement of both initial exercise perfusion defects and
of late redistribution defects (Fig. 5). This confirms pre-
vious findings""™ and indicates that a fixed or a partially
reversible 201-T1 perfusion defecr does not exclude the
presence of viable and reversibly ischaemic myocardium.

LIMITATIONS OF THE STUDY

Although the results of the present study are consistent
with those of others. this study includes only 2 small group
of patients. and more should be studied in the future to
validate these findings. SPECT imaging has been only
sermquantitatively assessed: since it has been shown thata
quantitative computer analysis provides a more accurate
information. this type of analysis should be applied to
explere whether a better separation could be achieved in
patients with a different severity ol coronary stenosis.
Finally. coronary angiography was not repeated 4 weeks
after PTCA 1o ascertain the consistency of the
non-invasive evaluation of re-stenoses.

In conclusion, our study indicates that exercise echo-
cardiography and 201-TI SPECT are both useful tools for
assessing the functional severity of coronary stenosis and
the functionalresubisafter PTCA. Since thetwo techniques
are both superior to stress electrocardiography alone and
provide similar information, and if these results are con-
firmed. stress echocardiography could become the tech-
nigue of choice In this clinical setting. Itis clear thart stress
echocardioeraphy offers some definite advantages com-
pared to nuclear studies mainly due to the Iower costs and
the lack of radiation. However. due to the considerable skill
and commiiment required by stress echocardiegraphy, the
final choice of one or the other method will depend on the
relative strength and reliabiiity of the local Jaboratories of
nuclear medicine and stress echocardiography.

We wish 1o thank ull the technicizns of the nuelear medicine
luborutors. for their useful cooperation in the acquisition of the
combined nuclear and echocardiographic studies.
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CHAPTER 7.

Comparison of exercise echocardiography with myocardial perfusion
scintigraphy for the diagnosis of coropary artery disease.

A Salustri, MMA Pozzoli, AEM Reijs, PM Fioretti, JRTC Roelandt.
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Summary

The rationale of exercise echocardiography for the diagnoesis
of coronary artery disease is based on the detection of cxer-
cise-induced wall motion abnermalities by ultrasound. Some
of the problems that had presiously limited the widespread
application of the test have been solved by the development
of digital recording and side by side cing loop display of two-
dimensional echocardiograms: thus, respiratory artifacts can
be eliminated. the examination is faster, and the comparison
between rest and stress images has become practical and
reliable improving sensitivity.

The sensitivity and specificity of exercise echocardiography

vary from 70 to 100%. according to paticnt selection, the
protocol, and the gold standard used. Few studies studied
the value of exercise echocardiography as compared 1o the
more established nuclear cardiology imaging. Data from
these comparative evaluations show a streng corrclation be-
tween the two techniques for identifying and localizing myo-
cardial ischemia.

With good equipment and after proper training. excreise
cchocardiography can provide both diagnestic and prognos-
tic information for routine clinical care.

Zusamnienfassupg: Vergleich von Belastungsechokardiographic mit myokardialer Perfusionsszintigraphie

hinsichtlich der Diagmostik einer koronaren Herzerkrankung

Die Entwicklung der digitalen ..Cine-Loop™-Technik hat zur
Losung des Problems beigetragen. mittels Belastungsecho-
kardiographie auswertbare Bilder bei maximaler Belastung
oder unmittelbar danach zu erhalten, und zum wachsenden
Interesse an dieser Methode gefihrt. Vorliegend stellen wir
unsere Erfahrung mit der Belastungsechokardiographie, ins-
besondere auch den Vergiewch zur Myokardszintigraphie
dar,

Zwetdimensionale Evaluierung von Wandbewegungs-
storungen (Tabelle 1)

Im Unterschied zu Belastungzs-EKG und $zintigraphie wird
mittels Belastungsechokardiographie die Ischimie durch ih-
re mechanische Auswirkung. die Entwicklung einer regiona-
len Asyvnergie, die als einziges Kriterjum fiir einen positiven
Befund gilt und sensitiver sowie spezifischer ist als konven-
tionelle EXG-Veranderungen und Schmerz. erfaBt. Szint-
graphisch dient lediglich eine Maldistribution des Radionu-
klids als Ischamiemarker.

Weitere Vorteile der Belastungsechokardiographic (Tabelle
1) sind: die direkte Beurteilbarkeit der Wandbewegung, ihre
Sicherheit und Wiederholbarkeir und damit Moglichkeit zur
sericnmibigen Untersuchung. die einfache Technik. die re-
lativ geringen Kosten, die hohe Spezifitit, da dic Entwick-
lung neuer oder auspeprigierer Wandbewegungsstdrungen
Ischamie voraussetzt, die unmittelbare Evaluierung der Re-
sultate selbst bei digitaler Akguisition. die kurze Untersu-
chungszeit. die Méglichkeit. aufzrund der tomographischen
Technik nahezu jedes Segment des linken Ventrikels zu be-

urteilen, die Méglichkeit der pleichzeitigen Evaluierung von
linksventrikuldrer Funktion und Ischamie.

Nachterle sind die Abhiingigkeit der Untersuchungstechnik
vom Untersucher sowohl hinsichtlich Datcnaufnahme als
auch Auswertung, die Bildqualitit. die jedoch infolge einer
Weiterentwicklung der Geridte und computerisierten Bild-
verarbeitung verbessert wurde mit Erfolgsquoten von mitt-
lerweile 90%. im eigenen Krankengut von 97% gegeniber
75 bis 80% . sowie die fehlende Information iiber die metabo-
lische Aktivitit des Herzens.

Ein Vergleich verschiedener Studien hinsichtlich der Dia-
gnostik einer koronaren Herzerkrankung mittels Belastungs-
echokardiographie und Koronarsngiographic {Tabelle 2) ist
durch unterschicdlich gewihlte Belastungsarten wie Fahr-
radergometer oder Laufband und unterschiedlich gewihie
Akquisitionszeitpunkte wie wihrend maximaler oder un-
mittelbar nach Belastung erschwert. Btlastungsinduzierte
Wandbewegungsstdrungen dauern zwar in der Regel ein bis
fanf Minuten nach Beendigung der Belastung noch an. bet
weniger ausgeprigter Ischiimic kommt es jedoch zu ciner
rascheren Erholung. So konnte mit Bildern, die unter maxi-
maler Belastung aufeenommen wurden, im Vergleich zu
Aufnahmen, dic nach Belastung registriert wurden. cine ge-
ringe Verbesserung der Sensitivitit erzielt werden.

Vergleich der minels Belastungsechokardiographic und
Perfusionsszintigraphic erfaltencn Resultate

Bei Patienten ohne Myokardinfarkt wurde in elner Studie
eing Sensitivitit zur Erkennung ciner signifikanten koro-
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naren Herzerkrankung von 83% mittels Belastungsechokar-
diographie und von 74% mittels planarer Thalliumszintigra-
phie bei einer jeweiligen Spezifitat von 92% ermittelt. Bei
Metr-GefaB-Erkrankung lag die Scositivitit mit 94% hoéher
als bei Ein-Gefaf-Erkrankung mit 50%. Wird das Thallium-
szintigramm als Referenzmethode herangezogen. konnte
mittels Belastungsechokardiogramm mit einer Sensitivitit
von 100% und einer Spezifitit von 93% eine koronare Herz-
erkrankung diagnostiziert werden. Mit der Einfiihrung der
WSingle-Photon™-Emissionscomputertomographie (SPECT)
witrde die diagnostische Treffsicherheit der Thalliumszinti-
graphie erhdht.

In eigenen Untersuchungen wurden echokardiographische
Biider in Ruhe und unmittelbar nach Belastung am Fahrrad-
ergometer in aufrechter Position mittels eines digitalen _Ci-
ne-Loop“-Systems aufgezeichnet und Ruhe- und Belastungs-
aufnahmen zum besseren Vergleich nebenginander abge-
spielt. Bei 103 Patienten mit nachgewiesener oder vermute-
ter korenarer Herzerkrankung fand sich cine gute Korrela-
tuon zwischen der mittels MIBI-(Mcthoxyisobutylisonitril-)
SPECT erhobenen regionalen Myokardperfusion und echo-
kardiographisch erhobener Wandbewegung in Ruhe und un-
mittelbar nach Belastung, wobei die Untersuchungen jeweils
simultan durchgefithrt wurden. Mittels MIBI-SPECT ergab
sich hiufiger ein positiver Befund als mittels Echokardiogra-
phie. Von den Patienten mit diskrepantern Befund wiesen
A% reversible Perfusionsdefekte im Bereich der inferioren
bzw. der posterclateralen Wand aui: auch fand sich bei Pa-
tienten mit vorausgegangenem Myokardinfarkt hiufiger ein
positiver SPECT-Befund.

Die diskrepanten Befunde lassen sich in verschiedener Wei-
se erkliren:

— rasche Erholung von belastungsinduzierten Wandbewe-
gungsstdrungen geringen AusmaBes.

— Wandbewegungssibrungen in Regionen, die mittels zwei-
dimensionaler Echokardiographie schwierip erfaBbar sind
(fehlender Kurzachsenschnitt in Hoke der mittleren Papiliar-
muskeln},

- Wandbewegungsstérungen in Ruhe bei Zustand nach
Myokardinfarkt, die die Erkennung von belastungsinduzier-
ten Wandbewegungssidrungen erschweren,

~ Maldistribution des koronaren Blutflusses statt wirklicher
Ischiamie.

Auch bei Patienten mit angiographisch gesicherter Ein-Ge-
fiB-Frkrankung fand sich eine gute Ubereinstimmung echo-
kardiographischer und perfusionsszintigraphischer Befunde
mit 79%. Der Schweregrad der korenaren Herzerkrankung
stand in Relation zur Entwicklung ¢ines positiven Testerzeb-
nisses; so lag die Haufigkeit cines positiven Resultates bei
>T0%igen Stenosen bei $1%. bei 30+ bis 75%igen Stenosen
lag sie bet 50% und bei < 50%igen Stenosen bei 14%. Mit-
tels SPECT fand sich bei mittlerem Schweregrad von 30 bis

yocardial perfusion scintigrephy has been widely
used for the noninvasive diagnosis of coronary
artery disease [6, 14, 18L In the past years, exercise
echocardiography has been propesed as a practical and
useful diagnostic tool for the evaluation of patients
with suspected or proven coronary artery disease. but

73% eine Sensitivigat von 61%. Inter- und Intracbserver-
varabilitit waren unserer Erfahrung nach bei der Bela-
stungsechokardiographie minimal. Die Anwendung von Al-
gorithmen rur routinemifigen quantitativen Analyse von
Wandbewegungsstorungen wird durch die Bewegung des
Herzens im Raum und die suboptimale Aufiésung bei den
meisten klinischen Untersachungen verhindert, so daf die
subjektive Interpretation die praktikabeiste Beurteilungs-
form bleibt. Umgekehrt bictet die quantitative SPECT ver-
liBliche Information hinsichtlich Gro8e des Perfusionsaus-
falles und dessen Lage.

Vergleich der mittels Belastungs-EKG und Belastungs-
echokardiographie erhobenen Resultate

ST-Strecken-Verdnderungen weisen einen Mangel an Sensi-
uvitiit und Spezifitit bei der Diagnostik einer koronaren
Herzerkrankung auf und geben keine Information hinsicht-
lich Lage und AusmaB einer Ischimie. Im Vergleich dazu
scheint die Belastungsechokardiographie eine hohere Sensi-
tivitat insbesondere bei Mehr-GefaiB-Erkrankung aufruwei-
sen bei vergleichbarer Spezifitat (Tabelle 2). So lag die Sen-
sitivitat bei 49 Patienten des eigenen Krankengutes mit koro-
narer Herzerkrankung fir $T-Strecken-Senkungen bei 55%
und fir die Befunde der Belastungsechokardiographie bei
71%.

Indikationen fir die Belastungsechokardiographie

1. Ein nicht diagnostischer Belastungs-EKG-Befund. der bei
etwa 30% der Patienten vorkommt, insbesondere bei asym-
promatischer  ST-Strecken-Seakung, Brustschmerz ohne
EXG-Verinderungen. abnormem Ruhe-EKG bei Links-
schenkelblock, inksventrikuldrer Hypertrophie mit Repola-
risationsstdrungen, WPW-Syndrom, unter Digjtalistherapie
oder nach Myokardinfarkt, 77% der Patienten mit ¢inem
nicht dizgnostischen Belastungs-EKG-Befund wiesen im ei-
genen Krankengut ibereinstimmende Befunde von Bela-
stungsechokardiographie und Myokardsrintigraphie auf,
30% der Patienten Gbereinstimmend positive Ergebnisse.

2. Evaluierung der Resultate einer Koronarangioplastie: die
Belastungsechokardiographie kann zur Identifikation von
Parienten, dic von einer wiederholter Angiographie profitie-
ren werden. sowie zu Verlaufsuntersuchungen dienen.

3. Bei Patienten nach Myokardinfarkt gleichzeitige Bestim-
mung von linksvenzikulirer Funktion wnd Restischimie: die
Lage der belastungsinduzierten Wandbewegungsstérungen
gibt Hinweise auf das Ausma8 der koronaren Herzerkran-
kung. Ein positives Resultat gilt als Pradiktor fiir nachfol-
gende kardiale Ereignisse. ’ '

1. Evaluierung der funktionellen Bedeutung angiographisch
subkritischer Stenosen. Sie kann damit wesentich zur klini-
schen Entscheidungsfindung beitragen.

the difficulty of acquiring good images at peak or im-
mediately after stress had limited its use [5. 11. 1517,
28. 29]. Recendy, the development of digital cine loop
acquisition systems has overcome this problem, lead-
ing 1o increased interest in this methed [2, 7, 24}, In
this article we review our experience with exercise



echocardiography, with special reference to its com-
parative usefulness with myocardial perfusion scintig-
raphy. ) :

Two-dimensional echocrdiographic examination
for wail motion abbormetities:
advantages and disasdvaniages

Based on the evaluation of the ischemia-induced wall
motion abnormalities, exercise echocardiography of-
fers some theoretical and practical advantages over
other noninvasive methods for detecting coronary ar-
tery disease {Tabie 1): ventricular wall motion can be
evaluated, the examination Is safe and repeatable. it
does not require sophisticated techniques, allows for
serial evaluation of vemtricular wall motion, and its
cost is relatively Jow. The test is highly specific, since
myocardial ischemia is requested for the development
of new or worsered wall moticn abnormalities; the
results are immediately evaluated, even when digital
acquisition is performed; the time to complete the ex-
amination is short 2nd no much longer than the time
requested for the exercise ECG testing alone: the to-
mographic technique affows the assessment of almost
every segment of the left ventricle, From the phy-
siopathological point of view, the main difference be-
tween exercise echocardiography, ECG testing and
scintigraphy resides in the different markers of myo-
cardial ischemia. With exercise echocardiography,
‘ischemia can be detected through its mechanical
marker, which is more sensitive and specific when
compared to the conventional marker of ECG changes
and pain. Moreover, the development of a regional
asynergy is the only criterion of positivity, and there-
fore myocardial ischemia is required, unlike with per-
fusion scintigraphy. where te marker is a maldistribu-
tion of the radiotracer.

As with any techmque, exercise echocardiography has
disadvantages. A major disadvantage is that the tech-
nique 15 operator dependent, both for collection of
data and for analysis of images. Wall motion is the
most difficult parameter evaluated with echocardiogra-
_phy: thus, a long training is required 1o become an
experienced operator and successful application of this
technique {19]. In the past years, the image quality was
2 limitation, since success rates of obtaiming good qual-
ity images were only of 75 10 80%. Due to the use of
more sensitive equipment and the availability of com-
puter-assisted image processing {which faclitate the
acquisition of two-dimension] echocardiograms). most

Echo SPECT
Ventricular wall motion +++ + {gated)
Sernal stedies +++ . +
Low cost e - +
Specificity for ischemia +4-+ —+
Ischemia as end-point +++ -
No radiation exposure +++ -
Tomographic imaging + 4 4+
Operator unrelated + PRI
Perfusion + .
Quantification + PR
Easy interpreration + +++

Table 1. Exercise echocardiosraphy versus perfusion SPECT imag-
ing.

Tabelle 1. Vergleich zwischen Belastungsechokardiopraphie und
Perfusions-,.Single-Photon~-Emissionscompuicrtomographic
(SPECT).

laboratories now report success rates in excess of 90%.
Finally, exercise echocardiography is dependent on de-
velopment of the end effect of myocardial ischemia,
i.e. wall motion abnormalicies, but does not give infor-
mation on the metabolic activity of the heart.

Problems with different exercise modalities

Several studies have compared the resulis of exercise
echocardiography with those of coronary angiography
(Table 2) [3, 5, 10. 15-17. 20, 23, 27-26]. A direct

Authors Year  Echo ECG
Sens  Spec  Sems  Spec

Wann et al. [29] 1970 67 100 29 100
Morganrothetal. {17] 1931 63 %1 ki 41
Maurer and Nanda [16] 1981 ¢ 92 52 77
Quinones [23] 195 92 58 - -
Crawford et al. {3] 1953 72 100 - -
Limacher et al. [15) 1933 91 Ti %
Visser et al. [25] 195 69 a2 58 85
Ginzton et al. [10] 199 70 100 48 -100
Jaarsma et al. [12] 1986 77 95 - -
Armstrong etal. [3] 1987 &7 86 - -
Sheikh et ai. [27] 1960 81 92 3 2
Pozzoli et al. {20} 19v1 71 9% 55 81

Table 2. Results of exercise echocardiographic studies. (Echo =
exercise echocardiographv: ECG = exercise ECG west. Values for
sensitivities [Sens] and speallicities [$pec] are expressed as %)

Tabeile 2. Ergebnisse verschiedener Studien zur Belastungsechokar-
diographic. (Echo = Belasungsechokardiographie; ECG = Bela-
stungs-EKG: Werte (r Sensitivitit [Sens| und Spezifitiit [Spec) sind
in Prozent ausgedriickt, )



-compurison of these studics is not casy, duc 10 the
different modality of exercise (bicycle or treadmill)
and the different timing of image acquisition {peak or
immediate recovery period).  Although previous
studies have demonstrated that exereise-induced wall
motion abnormalitics persist for one to five minutes
after termination of exercise [16. 29]. some patients,
cspecially if the ischemia is not severe, exhibit a rapid
recovery of their wall motion changes after excrcise.
Presti ¢t al. [22] compared the results of stress echocar-
diography at peak exercise and after bicycle exercisc.
They concluded that the addition of echocardiographic
images at peak exercise slightly enhances the sensitivi-
ty for the detection of coronary artery discase with
exercisc echocardiography.

Comparison with myocardial perfusion scintigraphy

Excrcise echocardiography has been compared to
radionuclide exercise tests in few studies. Maurer and
Nanda [16] have shown in patients without previous
infarction a sensitivity for detecting “significant™ coro-
nary discasc of §3% by excreise echocardiography and
of 74% by excrcise redistribution planar thallium
scintigraphy. The specificity was 92% with both
methods. Sensitivity was much higher in patients with
multi-vessel discase than in patients with single-vessel
disease (94% vs 50%). Heng et al. [11] reporter 100%
sensitivity and 93% specificity for detecting coronary
artery disease by exercise echocardiography. when
thallium scans were used as gold standard. In both
studics planar scintigraphy was performed. The intro-
duction of single photen emission computed tomo-
graphy, however. has significantly improved the
diagnostic accuracy of the scintigraphic technique for
detecting myocardial ischemia [6. 18].

We have evaluated the diagnostic accuracy of this tech-
nique at our institution using several standards. includ-
ing myocardial perfusion scintigraphy (either with 201
Tt or 99m Te MIBI) and coronary angiography. In
recent years our laboratory was able to obtain analvz-
able two-dimensional echocardiograms in 97% of all
paticnts studicd. The combined ¢chogardiographic and
scintipraphic tests are performed simultaneously, in
conjunction with the same upright bicycle exercise test,
Two-dimensional echocardiograms are obtained at rest
and immediately after a symptom-limited exercise test.
The rest and post-cxercise images arc both digitized
on-line, using a digital.cine-loop svstem: this system
allows for subseguent review as a continuous loop for-
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mat at various plav-back speeds in a quad screen for-
mat. As a result, the pre- and post-exercise views are
displayed in a side-by-side manner, making the com-
parison of the images casier. In a first study {21], we
compared cxercise  cchocardiography  with MIBI
(methoxyisobutylisonitril) SPECT in terms of their
ability to elicit an ischemic response in 103 consecutive
patients with either proven or suspected coronary ar-
tery disease. We found a good correlation between
regional myocardial perfusion and regional wall mo-
tien, both at rest and after exercise. The data of this
study also suggested that MIBI SPECT detects more
patients and more ventricular regions with “ischemia™.
Among patients with “ischemia™ on SPECT. but with-
oul new or worsened wall motion abnormalities, 90%
had reversible perfusion defects in the inferior and/or
posterolateral wali. Morcover, there was a trend to-
wards this pattern of disagreement {SPECT positive,
ccho negative) for patients with a previous myocardial
infarction. in which the SPECT imaging was more fre-
quently positive.

These findings can be explained in several ways:

- the rapid recovery of smail areas of exercise-induced
wall motion abnormalities:

~ the development of wall motion abnormalities in
arcas which are difficult to be picked up by two-dimen-
sional echocardiography:

— the presence of significant wall motion abnormalities
at rest in patients with previous myocardial infarction.
which make it difficult to detect exercise-induced wall
motion abnormalities;

— maldistribution of coronary blood flow. rather than
true ischemia.

The relative importance of these factors was analvzed
in more detail [20. 26] and our findings suggest that
these patients have a smaller ischemic zone than pa-
tients with both tests positive. Furthermore, the inabil-
ity to record short-axis views at mid-papillary muscle
level and/or a delay in acquiring post-exercise Imaging
play a critical role in determining thesc"‘fa]sc-ncga-
tive™ echocardiographic studies. Indeed. the endocar-
dial surface is more perpendicular 1o the echocardiog-
raphic beam in the parasternal views than in the apical
views. and thus the ability to detect subile wall motion
abnormalities 1s related to the use of multiple views.

We also evaluated the relationship berween exercise
cchocardiography and perfusion SPECT in a group of
paticnts with single-vessel discase of different severity



assessed by quantitative coronary arteriography [26].
Again, there was 2 good overall agreement between
the echocardiographic and the perfusion imaging
(79%). Compared to patients with both tests positive,
patients with negative echocardiogram and positive
SPECT requred a longer time for acquiring post-exer-
cise echocardiographic images, and the ischemic area
was smaller (as reflected by a lower mean ischemic
perfusion score index). Accordingly, the time needed
for acquiring the stress echocardiographic images play
a very important rofe in assessing the severity of dis-
ease with gxercise echocardiography. Our results also
showed that the severity of coronary artery disease is
related 10 the development of a positive test; the inci-
dence of a positive exercise -echocardiography was
91% in patients with a diameter stenosis >70%, com-
pared to 50% in patients with steposis of intermediate
severity (50 to 70%) and to0 14% in patients with “non
significant™ coromary artery stenosis (< 50%).

It could be argued that visual assessment of wall mo-
tion Is difficult, subject to bias and poorly reproduc-
ible; we have assessed inter- and intraobserver vari-
ability in a subgroup of patients, and we found them
minimal [21]. This was due 1o the common and specific
training in stress echecardiography that our group
completed at the Thoraxcenter. We agree that 2 more
objective method of evaluation would be desirable, but
limitations of apy quantitative method must be
realized. The difficulty of correcting for spatial move-
ments of the heart and the sub-optimal resolution of
most clinical examinations hampess the application of
algorithms for routine guantitative analysis. To dare,
subjective interpretation of wall motion abnormalities
remains the most practical approach [13]. Conversely,
our experience and that of others [4] indicates that
quantitative SPECT offers reliable information, pro-
viding accurate determination of perfusion defect size
and site.

Comparison witk exercise ECG testing

Routine exercise ECG testing remains the most com-
mon test for the non-invasive assessment of coronary
artery disease. However, ST segment abnormalities
lack of sensitivity and specificity, and no information
on the site and the extent of ischemia can be derived

9].

The compatison between exercise echocardiography
and exercise ECG testing is represented in Table 2. In

comparison with exercise ECG, exercise echocardiog-
raphy appears to have better sensitivity (especially in
idenrifying patients with multivessel disease) and com-
parable speaficity. These data sudgest that exercise
echocardiography is a much better diagnostic test for
coronary artery disease than exercise ECG 1esting, but
there are practical and cost considerations limiting
widespread routine application.

In our laboratory, analysis of the ECG recorded simul-
taneously with the exercise echocardiographic test
showed that in 2 group of 49 patients with coromary
artery disease. the exereise ECG was positive in 27
(55%) and normal in 22 (45%). In the same group of
patients. sensitivity of exercise echocardrography was
1% [20].

Indication for exercise echocardiography

1. Parients with a non-diegnostic response
1o exercise tesr:

In our experience, a non-diagnostic exercise test oc-
curs in approximately 30% of patients referred for
evalnation. The non-diagnostic ECG response to exer-
cise includes the following:

— Asvmptomatic ST segment depression

— Chest pain without ECG changes

— Abnormal ECG at rest (left bundle branch block,
left ventricular hypertrophy with left ventricular strain,
Wolff-Parkinson-White svndrome, digitalis. post-in-
farction).

Qur experience has shown that in this subset exercise
echocardiography is of most value, offering the oppor-
tunity to identify patients with coronary artery disease.
In the subgroup of patients with a non-diagnostic re-
sponse to bicycle ergometry. 77% had concordant re-
sults between exercise wchocardiography and myocar-
dial perfusion scintigraphy and 30% had both tests
positive [21]. Thus. exercise echocardiography could
be the imaging procedure of choice for evaluating pa-
tients with non-diagnostic ECG response 1o exercise or
i whom coronary ariery disease is still suspected after
a negative exercise testng.

2. Pariemts post-angioplasry:

Restenosis within six months occurs in about 30% of
patignts who undergo percutaneous transiuminal coro-
nary angioplusty. Exercise echocardiography will be of
value in evaluating the results of coronary angioplasty,
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identifying thosc patients who would benefit from re-
peat angiography. Our experience indicates that exer-
cise echocardiography is very helpful in the follow up
of these patients, providing similar information to 201
TISPECT [8).

3. Patients who have had a myocardial infarction:

Exercise echocardiography ofters the unique oppor-
tunity 10 evaluate both left ventricular function and
residual ischemia in patients following myocardial in-
farction. The site of exercise-induced wall motion ab-
nermalities allows to predict the extent of coronary
artery disease. A positive exercise echocardiography is
a strong predictor of subsequent cardiac events [25].

We found a slightly higher incidence of transient perfu-
sion defects without new or worsened wall motion ab-
normalities in patients with a previous myocardial
infarction when compared 10 patients without such a
history [21]. however, exercise-induced wall motion
abpormalities in the infaret zone are difficult to de-
tect because of significant wall motion abnormalities at
rest [3].

4. Evaluation of the funcrional significance of coronary
{lesions witich appear subcritical angiographically:

Exercise echocardiography is often helpful in evaluat-
ing some ambiguous coronary anglographic studies.
We have already evaluated the correlation between
exercise echocardiography, SPECT, and ceronary an-
giography [26]; our findings indicate that for stenosis
of intermediate severity (30 10 70%}. new wall motion
abnormalities were detected in 30% of the patients by
exercise echocardiography and transient perfusion de-
feets by SPECT in 61% of the patients. Although coro-
nary angiography is used as the gold standard for coro-
nary artery disease. the functional consequences of a
given stenosis (as evaluated by exercise-induced wail
motion zbnormalities and/or transient perfusion de-
fects) are often paramount in the clinical decision
making.

Conclusion

Exercise echocardiography s a versatile and reliable
technique with a diagnostic accuracy similar 1o that of
the more established radionuclide tests. Digital c¢ine
{oop acquisition and proper tralning are pre-requisites
to utilize the potential role of this technique at its max-
imum. We totally agree that ~“exercise echocardio-
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graphy is ready, willing and able for an cxpanded role
in paticnt evaluation™ {1].
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CHAPTER 8.

Dobutamine stress echocardiography: its role in the diagnosis of coronary
artery disease.
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Eur Heart J 1992;13:70-77.

101






Dobutamine stress echocardiography: its role in the diagnosis
of coronary artery disease

A, Sarustrrtt, P, M. FloreTTr*. M. M. A. Pozzowr*, A.J. McNELL* anp J. R. T. C. RoELaNDT*

*Thoraxcenter, Division of Cardiology, University Hospital Rotterdam-Dikzigt and Erasmus University Rotterdam,
and Tinteruniversity Cardivlogy fnstitute of the Netherlonds, NL
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We have assessed the usefulness of dobutamine infusion for the diagnosis of corenary artery disease by using rwo-
dimensional echocardiograply and 12-lead electrocardiogram. Dobutamine was infused at incremental doses (up to a
maximum af 40 ug kg~ min~' ) in 52 patients with chest pain: ali the patients underwent coronary angiography; significant
coranary artery disease was quantitatively defined as = 50% diameter stenosis. Thirtv-six patients were on betablockers.
The test was considered positive when new regional wall motion abnormalities appeared during dobutamine infusion. No
significant side effects occurred in any paiient during the test. Transient wall motion abrnormalities were derected in 20 of 37
patients with coronary artery discase (sensitivity =54% ) ischaemic ST segment changes were present on ECG in nine
patients (sensitivity = 24% ). Dobutamine stress echocardiography was negative in 12 of 15 patients with coronary arrery
diamefer stenosis <50% (specificity =80% ]. Exercise elecirocardiography (ECG} was performed in 35 of these 32
patients. Maximum heart rate and systolic blood pressure were significantly higher during exercise than during doburamine
stress test (127423 vs 99 4 24 beats min™' | P<0-0007: 179+ 25 vs 132+ 30 mmHg, P < 00001 }. The exercise ECG test
was pesitive in 12 of the 26 patients with significant coronary artery disease (sensitivity =46% ), and dobutamine stress
echocardiography in 16 (sensitiviny=62% ). Dobutamine stress echocardiograpiy test is a safe and feasible diagnostic test
Jfor the noninvasive diagnosis of coronary artery discase and can be performed in patients unable 1o exercise. It provides
similar diagnostic accuracy compared to routing exercise testing. adding information on the location and extent of
myocardial ischaemia.

ischaemia detected by sympioms, ECG and two-
dimenstonal echocardiography in a group of symptomatic
patients who also underwent coronary angiography.
Dobutamine test was also compared with bicycle exercise
electracardiography.

Introduction

The diagnosis of ischaemic heart disease relies on
symptoms and on the typical ST segment changes on the
ECG. However, myocardial ischaemia may occur in the
absence of symptoms and electrocardiographic ST seg-
ment abnormalities lack both sensitivity and specificitnt'L
Recently, exercise induced transient wall motion abnor-
malities detected by two-dimensional echocardiography
have been used as additional markers of ischaemia™. but
obtaining good quality peak or post-exercise images is not
always easy, even when a digital acquisition system is
used. Therefore, alternative pharmacologicalstresses have
been proposed. having the advantage of good quality
two-dimensionzl echocardiograms and being applicable
in patients unable to exercise. The most commonly
used pharmacological stress is dipyridamole, a potent
coronary vasodilating agent. and i1s use in both the
diagnosis and prognaosis of coronary artery discase is well
established™. Less information is available on dobuta-
mine, an adrenergic sumnulater whose effect can be
regarded as more similar 10 that of an exercise test™.

The aim of the present study was to investigate the

Methods

STUDY GROUP

We studicd 52 consecutive patients with chest pain.
referred for coronary arteriography. Their age ranged
from 2510 77 years (mean 58 £ 11 years); 38 were men., 14
were women. Fourtecn patients had a previous myocar-
dial farction; seven had undergone previous balloon
angioplasty. Patients with unstable angina, congenital
or acquired valvular heart discase, cardiemyopathy, or
previous cardiac surgery were excluded. To make this
study similar to the clinical situation, we decided not o
discontinue the medication before the dobutamine stress
testing, Thirty-six patients were taking betablocking
agents either alone or in combination with nitrates and/or
calcum-channel blocking agents.

clinical value of debutamine to provoke myocardial

Submited for publication on I August 1990, iund in revised form 17 December
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DOBUTAMINE STRESS TEST

Dobutamine was administered intravenously with an
infusion pump, at incremental doses, up 1o a maximum of
40 pg kg~ min~', In the first 30 patients we used steps of
5 ugkg ™' min~!for 3 min;in the last 22 patients the proto-
colwas aceelerated to steps of 10 pg kg™ min~! for 3 min,
and the maximal infusion rate was prolonged for anothier
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3min in negative studies. The ECG was continuously
monitored (leads I, V, and V) and 12-lead ECG
recording and cuff blood pressure measurement were
obtained before and each minute during the twst, up 10
10 min after the end of the infusion. Computer averaging
of the ECG signal was obtained by the Schiller System
CSG/12. A =1 mm horizontal or downsloping ST seg-
ment depression occurring at 80 ms after the J point oran
ST segment elevation were considered as an ischaemic
response. End pomts of the test were: angina pectoris.
severe hypertension (= 230/130 mmHg) or hypotension
(fall =20 mmHg). arrhythmias (ventricular tachycardia
or other life-threatening arrhyvthmias) and evident
new wall motion abnomalities on the two-dimensional
echocardiogram. Heart rate was not a criterion for termi-
nation. Metoprolol and seblingual nitrates were available
as antagonists in case of prolonged chest pain or other
raajor adverse effects.

ECHOCARDIOGRAPHIC STUDIES

The two-dimensional echocardiograms were performed
with the patient in the left lateral decubitus pesition, using
a commercially available wide angle phased array
imaging system (Hewlett Packard Sonos 1000). Two-
dimensional echocardiograms under resting conditions
included all standard views, when possible. Ifa transducer
position was coincident with one of the ECG precordial
leads, the electrode was placed one intercostal space
lower. During the test, new wall motion abnormalities
were searched for in different views, by rapidly moving
the transducer. Echocardiograms were continucusly
monitored during the provocative test and up to 10 min
thereafter and recorded on video tape during the last
minute of each step. Furthermore. both the studies under
basal conditions and at the maximal dose of debutamine
were digitized on-line with 2 digital image acquisition
system (PreVue 11T Nova Microsonics, ATL). This system
allows the recording of one representative cardiac cycle
obtained in the basal state and its storage in the memory
of the system in a format eight cells deep: the procedure
is repeated for each of four different views (in general,
parasternal long- and short axis, apical 4- and 2chamber
views) and then stored again in a quad-screen format.
At the maximal dose of dobutamine. four consecutive
cardiac cycles for each view are similarly captured; the
cycie with the best image qualitv is then selected and
displayed side by side with the corresponding images at
rest. Two different quad-screen formats contzining the
basal and peak images were finally stored on 3-25 inch,
double-sided, high-density floppy disk and reviewed as a
continuous loop at different play back speeds.

Two experienced observers, unaware of the results of
the ECG or coronary angiography. reviewed ail the video
tapes and the digital images and reached a consensus on
the grading of each study. For purposes of analysis, the
left ventricle was divided into five segments anterior,
inferior and lateral walls, interventricuiar secptum and
apex. Both systolic wall thickening and inward motion
were evaluated and according 1o a generally accepted
qualitative analysis'® left ventricular wall motion was
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graded as normzl, hypokinetic, akinetic and dyskinetic;
positivity of the test was linked 1o the development of new
wall motion abnormalitics. On this basis, a wall motion
abnormality already present in basal conditions was not
coasidered as a positive test.

BICYCLE EXERCISE TESTING

In 35 patients, symptom limited upright bicycle exercise
test with stepwise increments of 20 Watts each minute was
performed within 15 days of the dobutamine test. In the
other 17 patients, the test was not performed because of
contraindications (n==7), or was performed either =15
days apart from dobutamine stress echdcardiography or
during a different pharmacological treatment. We applied
the same ECG recording sysiem and the same critenia as
that used for the dobutamine testing.

CORONARY ARTERIOGRAPHY

All patients underwent selective right and left coronary
arteriography using the Judkins iechnique. The deter-
mination of coronary artery dimensions was perforred
with the computer-based Cardiovascular Angiographic
Analysis System (CAAS), as already reported™™. Briefly.
boundaries of the relevant coronary artery segment are
automatically detectod from optically magnified and
video digitized regions of imterest of a selecied single
cine-frame angiogram. The diameter of the guiding
catheter is used as a scaling device for size calibration. A
computer esumation of the oniginal arterial dimension at
the site of obstruction is used to define the interpolated
reference diameter. The interpolated percent diameter
stenosis is then calculated and averaged from at keast two
projections. A vessel was considered to have significant
obstructon if its diameter was narrowed by 50% or more.

STATISTICAL ANALYSIS

Valugs are reported as mean 4 SD. The czlculation of
sensitivity, specificity and accuracy relied on the standard
definition. Paired Student’s t-test and McNemar's test
were applied, when appropriate; £ vaiues <0-05 were
considered significant.

Resuits

Some clinical data and the results of the dobutamine
stress echocardiography, exercise ECG test and coronary
arteriography in all the individual patients are presented
in Table 1." Quantilalive coronary measurements were
performed in 31 patients: in the remaining 21 paticats
visual analysis was done, either because of normal
coronary arteries (n =#6), diffuse coronary lesions and/or
occlusion of the vessel (n=8), or less than two projections
on films (n=7). Fifteen patients had normal or not
significantly obstructed coronary arteries and 37 had
significant coronary artery disease; of these patients, 20
had one-vessel, 10 had two-vesse]l and seven had three-
vessel disease. The results of exercise ECG and dobuta-
mine stress echocardiography in the study group are
schematically displayed in Fig 1.
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Tuble I Results of debutanting stress test, exercise besl and coronury arteriography

Dobutagmine test Exescise (est Artegiography

Patient  Age  Sex  M[ bB

Doss  yr sBr  WMA  nwMA ST AP WL HR sap ST AP LAD LC RCA
(ng kg 'min ") (dupression) (depression)
1 o9 F - + 35 04 140 INF VS — — [41H]] 95 130 V5.0 + 54 59
2 9 M — + Rl 84 120 — VS - — o 122 1) 1-BL-V46 - 104 51 57
3 44 M + + 40 14 140 ANT - - — 140 171 1) - — (]
B a7 M + + 4t 72 115 INF INF+LAT — — [TV R I 140 — — 64 (4]
b3 o4 M 1 1 25 129 13 NI NG aVL-y2 L6 155 19¢) - - 54
6 45 hat - + Js Pl 136 - ENE — + Mo 12 10 VG + Lan*
T 58 hi| + + 35 LI e INT INTF+ LAT Vi + not performed =5 »350  >s50*
4 67 M — + 4t 1o It — ANT - - 14 16 210 Vijs + 62 64
G 60 N + + 35 WS — VS — — 80 130 200 — — 6l
Lo [k F — + 40 70 i55 — - - - 80 135 180 - - b2 18
11 54 F - + 35 99 115 — VS — - 140 16% 180 V4-5 - noemil
L2 53 M — + 30 126 115 — - — — I 152 215 -~ — normal
13 70 M — + 40 121 290 — Vs Yd/6 + not performed 64 66 62
14 64 F - + 40 Y8 220 - - - — o BY 140 — - normal
15 75 M - + 35 0 160 - INF+1VS Y4/6 - . nol perfarmed =50 100 100+
16 60 F — + RIH 96 160 — V8 I-aVP-V5-6  — 698 [50 H-IHaYE — 100 >50 >50¢
17 5 M - + 44 7t 140 — - - - nol performed 64 99
18 17 F - + 40 8} 140 — - — — 60 128 170 Vi/6 — 6 - 59
19 56 hi} - + 40 92 130 — — - - [20 11 160 — - 59
20 60 M — + s 124 155 — INF - + 60 16 [0 Vi/s + 54 77
20 42 M + + 40 70 S INF4HLAT — - — |1V LR - + 62 55
22 6 M + + 40 e 130 INF - - - not performed 57 61
23 52 M - + A 40 %190 - — — - 0 109 229 - - 47 34
24 61 F - + 40 61 L1y — — - — 80 a1 160 - — 16
25 it M - + 40 68 170 - - — — not performed [
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26 18 M - + 40 64 195 — - - - 180 115 170 - - 55
27 s2 Ip + 40 6 130 - INF - + 40 150 190 - + n
28 46 M - + 40 9 140 APEX — - - not performed >90*
29 49 M — + 40 120 135 APEX — - + not performed 55
kit 51 F - + 40 136 130 - INF V4/6 - not performed >50*
3 " M + + 40 104 (10 Vs - - - nol performed 66
32 59 M - + .40 80 200 - - - — 170 121 155 - - > 500
kx] 50 M + + 40 9 190 - INF — - not performed 38 47
34 6 M - + 40 119 140 - ANT +1V8 - + 120 126 180 Vi6 + > 50
35 4 M - + L] 120 140 - - - - 9 115 160 - + 100*
16 8 M - + 40 97 135 - - — - not performed <50*
» 60 F - - ki 108 165 - ANT+1VS Va/6 - 80 167 220 1114 - >50 =50 =50*
aVF-¥5.6
18 8 M - - 40 9 20 - ANT+1VS - - 120 21 200 vd/6 - > 50%
g 71 F - - 40 120 120 - — - - ol performed notmal
40 0 M - - 25 92 160 - VS + APEX V5.6 + 1060 [0F 170 1111 + 71 57
. aVF-Y}/6
4l 68 F - - 40 138 180 - - — + not pecformed < 50
42 o0 F - - 40 100 180 - ' INF - + 20 13 150 - + normal
43 30M - - 40 132 140 - - - + 0 121 165 - + 46
44 58 M + - 40 156 1o [M'A - - - 160 172 90 - — 100*
4% 4 M + — dn IS 165 - - - - il perfostned 4
46 446 M - - 40 125 2K - APEX - - I8 13T 190 - - sl
47 65 M + - 20 140 §50 - - - + 14g 150 220 - - kY
48 i3 M + - 35 115 115 INF+LAT INF+LAT - + 160 155 145 V4.5 - 50 104 56
49 57 M - — 35 121 120 - - 111 - I8y 39 235 - - 54 1041
(elevition)
5n 25 M - - 4l 14 120 - . - nast perlformed narmal
51 12 F — - 4 125 150 - - - - nast perforimeld 41
52 0 M + - 40 94 190 INF - - - 80 KO 2 - - 100

M1 = previous myocurdial infiuretion; bB = belablovker therapy, FER = maxdnnd heast rate (heats min ') S1P = musima) systolic blood pressaee fimm! gy, - WMA = wall motion ahnormalities st
rest; n-WMA = new wall motion abnormalities; AP =angina pectoris; WL = maximal workload {Watls); VS =interventricular septum; INF =inferior wull; LAT =tuteral wall: ANT =anterior
wall; LAD =lefs anterior descending artery; 1.C =left circumflex artery: RCA =right coronary artery, * = visual assessment of corenary arleriography.



The full dose of dobutamine was not given in 16
patients, primarily because of angina in six patients,
evident new wall motion abnormaiities in eight, short
run of ventricular tachycardia in one, and ST segment
elevation in one.

HAEMODYNAMIC RESPONSES

From the basal state to the peak effect of dobutamine,
heart rate increased from 624 10 beats min~' 1o 102+ 26
beats min~' (P<0-001), while systolic blood pressure
increased from 129419 mmHg to 149+ 34 mmHg (P=
0-002). Peak heart rate was higher in the 16 patients
without than in the 36 patients with betablocker therapy
(122420 vs 94421 beats min~', P<0-0001}, while the
difference in systolic blood pressure was not statistically
significant (158 + 30 vs 1494+ 28 mmHg).

DOBUTAMINE STRESS ECHOCARDIOGRAPHY

Analysis of the two-dimensional echocardiograms was
possiblein all patients both in basal conditions and during
the infusion of dobutamine. When analysed separately,
there was complete agreement between the resulis
analysed from the video tape and from the digitized
images on floppy disk.

In 13 patients an abnormal wall motion was present at
rest; 10 of these had a documented previous myocardial
infarction. A transient regional wali motion abnormality
was detected during dobutamine stress echocardiography
in 20 of the 37 patients with coronary artery disease
{54%). All these patients had a significant stenosts in the
coronary vessel supplying the regions that demonstrated
wall motion abnormalities after dobutamine. Maximal
heart rate and systohic blood pressure were similar when
these 20 patients were compared with the 17 patients with
significant coronary artery disease and a false-negative
test (101 £20 vs [02 28 beats min~'s 153 £28 vs 148+
27 mmHg, NS). but patients with a positive test had a
higher prevalence of multiple vessel disease (65% wvs
35%). In five patients wall motion abnormalities devel-
oped at 2 dose of dobutamine <30 pg kg~' min~', while
in 15 patients a positive test was achieved at a dose
>30pg kg~ min~'. Sepsitivity of dobutamine stress
echocardiography was highest in patients with diffuse
coronary artery disease (Table 2); in particular, in all
seven patients with three-vessel disease transient wall
motion abnormalittes were detected, compared toeight of
the 20 patients with single vessel disease. The relation
between the results of dobutamine stress echocardio-
graphy and the severity of coronary artery Stenosis was
assessed in 43 patients {Table 2); this group included 31
patients in whom coronary quantitative measurements
were done and 12 patients with normal or occluded
vessels. The prevalence of a positive test was directly
correlated to the severity of the stenosis,

Of the 15 patents with <50% coronary slenoses,
dobutamine stress echocardiography was positive in three
(specificity =80%): in all these patients the wzll motion
abnormalities occurred at a dose >35ug kg™’ min~"

Wall motion abnormalities were accompanied by symp-
toms in one patient. The overall diagnostic accuracy of
dobutamine stress echocardiography was 62%.

We compared the results of dobutamine stress
echocardiography in the subgroups of patients with and
without betablocker therapy. No significant differences in
sensitivity, specificity and diagnostic accuracy were found
(54% vs 36%. 75% vs 86%. 62% vs 69%, respectively).
However, the two groups were not comparable, since
the patients on betablockers had a higher prevalence of
coronary artery disease (78% vs 56%).

Diagnostic ST segment changes were induced by
dobutamine iIn nine patients (24%) with significant
coronary artery disease, Eight patients had ST segment
depression and all developed new wall motion abnormali-
ties. One patient with normal ECG at rest showed
transient ST segment elevation in the inferior leads.
without evident wall motion abnormalities. No patients
with <30% coronary stenoses developed ST segment
depression.

Angina pectoris cecurred in 13 patents; nine of them
had significant coronary artery disease. In eight of these
nine patients. echocardiography was also positive.

EXERCISE ELECTROCARDIOGRAPHY TEST

In the 35 patients who performed both dobutamine
echocardiography and exercise electrocardiography tests,
peak heart rates and systolic blood pressures were signifi-
cantly higher during exercise than during dobutamine
(127423 vs 99423 beats min~', P<0-0001; 179425
vs 152430 mmHg. P<0-0001). ST segment depression
occurred in 12 of the 26 patients with coronary artery
disease and in one patient with normal coronary arteries,
resulting in a sensitivity of 46% and a diagnostic
accuracy of 57%. Concordant results with dobutamine
echocardiography were present in 28 of these 35 patients
{80%).

When comparing the resuits between dobutamine stress
echocardiography and exercise electrocardiography in
this subset of 35 pautients, no statistically significant
differences in sensitivity, specificity and accuracy were
found (62% vs 46%. 67% vs 89%. 63% vs 57%. respect-
ively). However, among the 26 patients with significant
coronary artery disease, dobutamine stress echocardio-
graphy was positive in 16 and exercise ECG in 12 (Fig.
I); the difference was due to patients with single-vessel
disease (Fig. 2).

ADVERSE EFFECTS OF DOBUTAMINE

Side effects during dobutamine occurred m 16 of the 52
patients (31%}. None of these was severe and the test
could be completed in 211 but one patient who developed a
short run of ventricular tachycardia (three complexes)
without wall motion abnormalities, Multiform premature
ventricular beats andfor couplets occurred in eight
patients. Junctional tachycardia developed in one patient
and atrial fibrillation in another: both terminated spon-
taneously 3 min after the end of the infusion. One patient
had nausea and a fall in blood pressure (3¢ mmHg) during
the last step (40 pg kg~ ! min~'). Chills immediately after
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Figure 1 Qutcome of exercise electrocardiography (X Test) and
dobutamine stress echocardiography {DSE) in the study group. X
Test == exercise testing performed. No X Test= exercise testing not
performed, CAD=coronary artery disease (diameter stenosis
= 50%). DSE=dobutumine stress echocurdiography. + = positive
g5~ = negative lest.

Tuble 2 Results of dobutamine siress echocardiography according to
the number of diseased vessels {number of vessels) and the severity of
coronary aricry stenesis { diameter stenosis)

Number of patients DSE+
Number of vessels
0 15 3 (20%)
1 20 $ (40%)
2 10 5 {50%)
3 7 7 {100%)
Drameter sienosis o
<50% 13 3 (23%)
50-70% 18 7 (39%)
>70% 12 $ (67%)

DSE + = paticnts with positivedobutamine stressechosardiography.

ko

474 444

r 5/8 S/8
e

Number of patients {34}

2

Number of drsegsed vessels
Figure 2 Prevalence of ischaemic respoase on exercise eleciro-
cardiography (open bars) and dobutamine stress echocardiogruphy
(ciosed Dbars) according 1o the number of vessels with »350%
diameter stenosis.
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the end of the inlusion occurred 1n six patients and lasted
at maximum 3min. Intravenous metoprolel (5mg)
was given in five patients because of ST segment
clevation, proionged chest pain. or severe wall motion
abnormalities, which were promptly reversed within
I min.

Discussion

Dobutamine s a svmpathomimetic drug which
stimulates the f1-, f2- and ql-adrenoreceptors in the
cardiovascular system®™. Clinically, it is used intra-
venously for short term treatment of acute congestive
heart failure. Because of its pronounced inotropic effect
and its chronotropic effect at higher doses dobutamine
infusion can be used as a pharmacological stress test to
induce myocardial ischacmia in patients with reduced
coronary reservell. Experimental data indicate that in the
presence of severe coronary artery disgase dobutamine
can induce inhomogeneous perfusion feading to transient
myocardial ischaemia®™'". This results in a wall motien
abnormality which can be detected by two-dimensional
cchocardiography™. Some studies have indicated the
clinical potential and usefulness of dobutamine to induce
ischaemia. However, most of these studies used 12-lead
ECG orscintigraphy to detect myocardial ischaemial™9,
orincluded only post-myocardial infarction patients!™'%.

In our pepulation of patients. dobutamine stress
cchocardiography offered diagnestic information similar
10 routine exercise electrocardiography far the diagnosis
of myocardial ischacmia and was additive for 1ts site and
extent. in fact, the location of new wall motion abnor-
malitics was always consistent with that of coronary
artery disease, while it is well known that 8T segment
depression is not useful for identifying the site of
ischaemial®®=".

In the present study, including 2 group of symptomatic
paticnts with and without myocardial infarction, the
sensitivity of dobutamine stress echocardiography was
34%. with a specificity of 80%. The sensitivity was highest
in patients with three-vessel discase (all had a positive
dobutamine siress echocardiography) and in those with
the most severe stenosis (>70%) (Table 2). This is con-
sistent with previous results obtained with exercise and
dipyridamole stress echocardiography™™2, The ounly
previous reports (0 which the present results can be com-
pared are those of Sawada er of. and Mazeika er of 27
who.in similar groups of patients. found a slightly higher
sensitivity (72% and 63%. respectively). The different
resufts can be explained by several reasons. such as
the prevalence of patients with multiple vessel disease,
the method of analysis and the different cut-off for the
definition of ¢ritical coronary ariery stenosis. the different
doses of dobutamine, and the concomitant use of therapy,
especially betablockers, Therefore, if one also takes
account of the small number of patients included in all the
three studies, a fair comparison is diffigult.

A potential major limitation in the present study 1s the
use of betablockers in many patients, since they represent



the antagenist of dobutamine, Therefore, from our results
no conclusions can be drawn about the “real’ diagnostic
accuracy of the test. In fact, 1o pursue this aim, patients
should be studied after pharmacological wash-out. How-
ever, the present study is useful to assess the value of
debutamine stress echocardiography in the presence of
the vsual antianginal treatment, and also to compare its
value to that of routine exercise ECG. We found that
in patients without betablockers the semsitivity and
specifieity were sirnilar to those in patients on beta-
blockers. However, even here we cannot conclude that
betablockers do notinfluence the accuracy of dobutamine
stress echocardiography. since patients on betablockers
had higher prevalence of coronary artery disease. Since
patients on betablockers had a lower increment of heart
rate after dobutamine, the addition of atropine. which has
been proposedt®, could enhance the diagnostic accuracy
by its chronotropic effect.

In agresment with Mazeika er olP, we found that
dobutamine stress echocardiography provides the same
mformation as that provided by exercise ECG as regards
the diagnosis of myocardial ischaemia (ST segment
depression and new wall motion abnormalities). This
suggests that dobutamine stress echocardiography is a
aood alternative 1o exercise ECG in patients who are
unable to perform exercise resting.

In contrast to previous findings!'*'*, the dobutamine
test had a very low sensitivity (24%) when only the ECG
was considered. This can in part be due to the fact thatin
our protocol a new wall motion abnormality was con-
sidered " as end-point, and it is well known that during
myocardial ischaemia wall motion abnormalities occur
early and before ST segment changes™ 1,

[13-15]

ANALYSIS OF FALSE-NEGATIVE RESULTS

Analyses of the patients with significant coronary
artery disease and a negative dobutamine test (false
negatives), reveals that these patients had a similar
haemodynamic response to dobutamine, but a less diffuse
coronary artery disease than those with a true positive
sl

ANALYSJS OF FALSE-POSITIVE RESULTS

Transient wall motion abnormalitics during the last
step of the dobutamine infusion without ¢lectrocardio-
araphic signs of ischzemia were seen in three patients who
did rot have significant coronary artery disease. In cne,
left ventricular hypertrophy was present, with a dilated
left ventricle: the geometry of the left ventricular cavity
and the altered loading induced by debutamine could
explain the wall motion abnormality. One woman with
typical ¢ffort angina pectoris had a positive exercise test
and normal coronary arteries, and in the last patient,
debutamine-induced transient wall motion abnormalitics
were scen in the inferior wall and a left circumflex
coronary artery stenosis of 47% was found on the
angiogram.

DIGITAL ACQUISITION TECHNIQUES AND STRESS
ECHOCARDIOGRAPHY

Exercise echocardiography is a useful tool in the
diagnosis of myocardial ischaemia. However, the excess-
ive tachycardia and hyperventlation make it sometimes
difficult 1o obtain good echocardiographic imaging at
peak exercise or immediately after. In recent years, digital
techniques have partially overcome this problem. allow-
ing either on-line or off-line echo analysis. This seems to
enhance the feasibility of stress echocardiography.

We have tested if cine lcop analysis of dobutamine
echocardiography offers advantages over the analysis of
the images on video tape. Digital quad screen display
gave the same information in terms of result of the test
Therefore, this wechnology is not strictly necessary for
pharmacological stress echocardiography. However, the
possibility of selecting one good cardize cycle and to dis-
play the images in 2 guad screen format allows for a
direct side by side comparison of the rest and peak studies,
therefore making the analysis of the mages faster and
easier.

ADVANTAGES OF DOBUTAMINE $TRESS ECHOCARDIOGRAPHY

Dynamic exercise 15 the ¢stablished modality of stress
for the diagnosis and follow-up of patients with coronary
artery disease: however. the value of exercise testing is
Jimited in patients with musculoskeletal, neurological
or pulmonary disease. in deconditioned patients or in
patients for whom exercise is contraindicated. Moreover,
elderly patients prior to major peripheral vaseular surgery
need a careful evaluation to identify high fisk subgroups.
The value of dipyridamole-thallium and dobutamine-
thallium testing is well established™ %, but this test
requires high cost equipment not always readily available.
In this settine. dobutamine stress echocardiography
is a safe altermauve for the screening for coronary
artery disease and offers potential advantages 1o nuclear
imaging.
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CHAPTER 9.

Pharmacological stress echocardiography in the diagmosis of coronary
artery disease and myocardial ischaemia: a comparison between
dobutamine and dipyridamole.
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Pharmacological stress echocardiography in the diagnosis of
coronary artery disease and myocardial ischaemia: a
comparison between dobutamine and dipyridamole
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The objecrive of this study was ro relate regional wall motion abrormalities assessed by dobutaming and dipyridamole stress
echocardiography 1o quantitarive measurements of corondary griery stenoses in consecutive patients referred for coronary
angiography. and to compare haemodvnamic effects of and complications related 16 the two agents.

Fatients underwent stress echoes on separate davs in random sequence and had coronary angiography within 3 davs of
stress echocardiography. Echocardiograms were assessed by two investigators unaware of the patienis’ coronary anatonty.
Coronary anglograms were also assessed quaniitatively using the computer-assisted Cardiovascidar Angiography Analysis

System.

There were 46 consecutive patienis referred for coronary angiography; 28 were using B-antagonists.
Main outcome measures were sensitivify and specificity for debutamine and dipyridamole stress echocardiography for
detection of coronary ariery disease ( wall motion abnormalities at rest or stress ) and myocardial ischaemia ( stress induced

new wall motion abnormaliries ],

Sensitivity for the detection of myocardial ischaemia was found to be 57% for dobutamine and 64% for dipyridemole.
Specificities were 78% and 89% respectively. Sensitivities for detection of coronary artery disease (lesion = 50% diameter
stenosis) was 79% for dobutamine and 82% for dipyridamole; specificities were 78% and 89% respectively. These
differences between the two agenis are not significant. There were no severe side effects with either agent. Mean hear: rate
rose significantly witk botly tests but was higher with dobutamine; mean systolic blood pressure rose with dobutamine and

Jell with dipyridamole.

It was concluded that doburamine and dipyridamole siress echocardiography have similar sensitivities and specificities
Jor detection of myocardial ischaemia and coronary artery disease although the haemodvnamic effects of the two agenis are

. differens. Both are free from serious complications.

[ntroduction

'Coronary arteriography is sull regarded as the gold
: standard for the diagnosis of coronary artery disease;
. however, the anatomical findings inadequately predict the
physiclogical importance of obstructive lesions!"!. The
functional significance of coronary artery stenoses may be
assessed by 2-dimensional echocardiographic detection
; of left ventricular wail motion abnormalities induced by
- exercisel”!, which is the established mode of stress for the
assessment of cardiac function. Unfortunately, exercise
cannot be performed by all patients: thus, alternative non-
' exercise stress has been proposed®™. Both dobutamine
and dipyridamole stress echocardiography have been
reported 1o be useful in the diagnosis and prognostication
of patients with suspected or proven coronary artery dis-
easel™7 buta direct comparison of their relative efficacy is

. still needed.
Accordingly, this study was designed to relate quan-
titative measures of coronary stenoses oblained by
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- angiography to the presence of regional wall motion

abnormalities as assessed by dobutamine and dipyrid-
amole stress echocardiography in the same group of
patients; in addition the haemodynami¢ consequences
and side-effects of the two agents were assessed.

Patients and methods

STUDY GROUP -

Forty-six consecutive patients with suspef:ted orknown
coronary artery disease, referred for coronary arteri-
ography for the evaluation of chest pain, were prospec-
tively enrolled in this study. Patients with unstable angina
pectoris, previous cardiac surgery, congenital or valvular
heart disease or documented cardiomyopathy were
excluded.

All patients performed dobutaraine and dipyridamole
stress echocardiography on different days and in random
sequence. The clinically prescribed medication was con-
tinued and was the same during the two stress echo-
cardiographic tests: 28 patients were taking f-adrenergic
biocking agents, either alone or in combination with
nitrates and/or calcium channel blocking agents.
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DOBUTAMINE STRESS TEST

Anintravenous infusion of dobutamine was started ata
dose of 5 or [0 pug kg™ min~' by means of an infusion
pump and then increased in stepsof Sor 10 pugke ™' ' min ™'
every 3min up 1o a maximum of Hpg kg™! min~\
Electrocardiogram {ECG) was continuously monitored.
A 12-lead ECG recording was obtained before and every
minute during the test. up to 10min after the end of
the infusion; cuff blood pressure was measured every
2 min. Criteria for termination of the infusion were severe
angina pectoris, severe hypertension (230130 mmHg)
or hypotension (fall > 20 mmHg of svstolic blood press-
ure), ventricular tachveardia or obvious new wall motion
abnormalitics. Metoprolol and sublingual nitrates wercat
hand as antagonists.

DIPYRIDAMOLE STRESS TEST

Patients were instructed to avoid coffee and tea for at
least 12 h before the test. Dipyrideamole was administered
intravenously at a dose of 0-84mg kg~' over 6min.
during continuous ECG monitoring. A 12-lead ECG was
recorded before and everv minute duning the test and up
to 20 min after the end of the infusion: cuff blood pressure
was measured every 2 min. The infusion was stopped if
the patient developed severe angina peciors, obvious new
wall motion abnommalities. hypotension or ventricular
1achycardia. Aminophylline (200 mg) was injected in all
the patients, at the peak ischacric phase in the positive
tests end [Smin after the end of the infusion in the
negative ones.

For both stress tests, ST segment elevartion or horizon-
tal/down-sloping ST segment depression of more than
1 mm occurring at 80 ms after the J point were considered
as an ischaemic response and an indication for stopping
the test

ECHOCARDIOGRAPHIC STUDIES

All the cchocardiograms were performed using a
commercially available wide-angle phased array imaging
system {Hewlett-Packard Sonos 1000). Two-dimensional
echocardiograms in the rest condition included all the
conventional views. During the test new wall motion
abnormalities were sought in different views by rapidly
moving the transducer. Echocardiograms were continu-
ously monitored during the provocative tests and in the
recovery phase and recorded on video tape at the end of
each stage for the dobutamune. continuouslv during the
dipyridamole stress testand at least every 2 min during the
recovery phasein both tesis.

The video tapes were analysed and a consensus was
achieved by two observers. unaware of the svmptomatic
or ECG responses to the stress wsts. clinical data or angio-
graphicdata. For purposes of analvsis. the left ventricular
wall was divided into a [6-segment model™. Both systolic
wali thickening and inward motion were visually evalu-
ated and wall motion was graded as 1 (normal}. 2 (hypo-
kinetic} 3 (akinetic) and 4 (dyskinetic). A wall motion
score index was derived by averaging theindividual scores
for the segments graded. A stress echocardiographic test
was considered positive for coronary artery disease if wall
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Tuble | Peak doses of dohutamine and dipyridamole used

Dobutamine peak dose N Dipyridumale peak dose N

(pg kg~ ' min~Y) (mgke-' 6min~")
20 ! 0-42 1
25 2 0-36 2
30 3 0-67 1
33 5 472 1
40 32 0-84 41

motion abnormalities were seen at rest and/or after stress:
an ischaemic response was defined as a new wall motion
abnormality, consisting of an increase {rom rest to peak
study of at Jeast one grade for any of the 16 segments
analysed. In our laboratory, inter- and intra-observer
variability for stress echocardiography are 0-91+0-14
and 0-92 +0-20 respectively®,

QUANTITATIVE CINEANGIOGRAPHIC ANALYSIS
Coronary angiography was performed using the

Judkins technique within 3 days of the stress echocardio-

eraphic tests. The coronary artery dimensions were:
determined with the computer-based Cardiovascular

Angiography Analvsis Svstem (CAAS). as previously
reported!'®!, In brief, the boundaries of a selected coron-
ary artery segment were detected automatically [rom

optically magnified and video digitized regions of interest
of a cineframe selected for analysis. The dlameter of the
coronary catheter was used for size calibration. compar-
ing the mean diameter in pixels with the known size in

millimetres, A computer estimation of the original arterial

dimension at the site of obstruction was used to define the
reference region. The interpolated per cent diameter sten-

osis was calculated by averaging the values from at least

two angiographic views. A coronary artery narrowing of
atleast 50% diameter stenosis was considered significant.

STATISTICAL ANALYSIS

Data are expressed as means+SD, unless specified.
Where appropriate, 95% confidence intervals (CH arc
gven. The calculation of sensitivity, specificity and accur-
acy relied on the standard definition. Paired and unpaired
t-tests were performed when appropriate 10 compare
means calculated from continuous data. Discrete vari-
ables were compared using the chis-square test of
association. A P value of less than 0-05 was considered
significant.

Results

CLINICAL CHARACTERISTICS

Forty-six consecutive patients were studied: 32 were
male. 14 female, witha mean age of 58 years {range 25-77
vears). Fifteen patients had had a previous infarction
and 28 were using f-antagonists at the time of the stress
echoes. Doses of the stress agents used are shown in
Table 1.



Table 2 Haemodynamic resporses 1o dolruramear and dipyridamole

Dobutamine Dipyridamole I
Peak HR 102+33 8716 0-0003
(beats min )
Peak SBP [58+30 122+2% < 0-00001
(mmHg)
Peak DBP 829+108  TR5+126 0-02
(mmHg)

HR = heart rate, 3BP =systolic blood pressure. DBP =diastolic
blood pressure.
Valugs are expressed as mean + $D.

Quantitative coronary cineangiography was performed
in 30 patients; in the remaining pabents. quantitative
analysis was not determined, either because ol normal
coronary arteries (eight patients) or diffuse lesions and/or
total occlusion of the vessel (¢ight patients). Eighteen
patients had normal or insignificantly diseased vessels
(diameter stenosis < 50%). while 28 patients had signifi-
cant coronary artery disease; of these, seven had 3-vessel,
1 had 2-vessel and 10 had single-vessel disease. Of the 28
patients with significant coronary arterv disease, 16 had
normal left ventricular wall motion at rest (group A)
and 12 had wall motion abnormalities at rest (group B);
10 of these 12 had a previously documented myocardial
mfarction.

Neither dobutamine nor dipyridamole caused any
serious complications. Mild symptoms such as palpi-
tations. headache, cold or heat, dizziness, flushing and
mild dyspnoea were present in 17 patients and these
symptoms disappeared after infusions were stopped.
There was no difference between the agents with regard 10
the incidence of these side-cfects.

HAEMODYNAMIC RESPONSES (TABLE 2)

From the rest state to the peak effect of dobutamine,
heart rates increased from 68+!4beats min~' to
102 +24 bears min~' (£ < 0-00001), systolic blood press-
vre increased from 131423 mmHe to 151430 mmHg
{(P<0-00001), while diastolic blood pressure did not
change significantly. During infusion of dipyridamole,
heart rates increased from 68+ 12 to 87+ 16 beats min ™'
(P<0-00001), systolic blood pressure remained
unchanged while diastolic blood pressure decreased
slightly (from 81-4+11-3mmHg te 78-5+12-6mmHg
(P=0-03). At the peak cffect, heart rates and systolic
blood pressure were significantly higher after dobutamine
than after dipyridamole (P=0-0003 and P<0-0000]
respectively).

STRESS ECHOCARDIOGRAPHY IN THE DIAGNOSIS OF
MYOCARDIAL ISCHAEMIA (TABLE 3)

Dobutamine stress echocardiography revealed new
wall motion abnormalities in [6 of 28 patients with coron-
ary artery discase, a sensitivity of 57%. 95% C1 37-76%.
Of these 28, new wall motion abnormalities occurred in 10
of 16 (63%) with normal wall motion at rest {group A).

100
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Figwre 1 Octurrencs of ST segment depression (ECG), angina
pectoris (AP) and new wall motion abnormalities (ECHO?) in the 28
patients with significant coronary artery disease during dobutamine
(left} and dipytidamole (right) siress echocardiography.

and in six of 12 (30%) patients with 2 resting wall motion
abnormality (group B). New wall mouon abnormalities
occwrred during dipyridamole stress echo in 18 of 28
patients with coronary artery disease, a sensitivity of
64%, 95% ClI 41-81%. Of these 28, new wall motion
abnormalities cecurred in 12 of 16 (75%) patients from
group A and in six of 12 (50%) from group B. These
semsitivities for the two stress agents are not significantly
different.

The speaficity for dobutamine stress echo was 78%,
95% CI 52-94% (four of 18 patients without significant
coronary artery disease bad a positive test), and for dipy-
rnidamole the specificity was 89%. 95% Cl 65-99% (1wo
of 18 patients had a positive test with dipyridamole); these
specificities are aot significantly different.

Sensitivities of echocardiographic changes, electrocar-
diographic changes and angina pectoris after dobutamine
and dipyridamole are shown in Fig. 1. Of the 28 patients
with significant coronary artery disease, typical ST seg-
ment changes were found in eight after dobutamine and in
10 after dipynidamole. During dobutamine, one patient
with an occlusion of the right coronary artery and a mild
stenosis on the left anterior descending coronary artery
showed an ST segment elevation in an inferior lead, with-
out obvious changes in wall motion. Angina pectoris was
present in six patients and seven patients respectively.
New or increased wali motion abnormalities showed
higher seasitivity than ECG changes and angina pectoris
(P=0-01 berween angina and echo during dobutamine
and P=0-007 between angina and echo during dipyrida-
mole; P=0-06 between ECG and echo in both tests).

Four patients without significant coronary artery dis-
ease developed angina pectoris and in one there were ST
segment changes with dobutamine. while in five patients
crther ST scgment changes or angina pectoris was found
after dipyridamole,

The effect of the number of abnormal vessels present on
the ability 1o obtain an ischaemic response revealed by
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SensiTivity for the diggnosis of ischgemia
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Figure 2 Comparison of the sensitivities for the diagnosis of
myocardial ischacmia between dobutamine (solid bars) and dipyr-
idamole (open bars) stress echocardiography in paticnts with
single- and multivessel disease.

2-dimensional echocardiography is shown in Fig. 2; in
patients with single-vessel disease, sensitivity was 40%
(four of 10) for dobutamine compared with 50% (five of
10} for dipynidamole, while for patients with muluvessel
disease the sensitivities were 67% (12 of 18) and 72% (13
of 18) respectively.

Of 28 patients using fantagonists. 20 had coronary
artery disease and eight no significant coronary disease.
New wall motion abnormality occurred in 11 of 20 (55%)
during dobutamine and in 14 (70%) during dipyridamole;
the specificities were 75% {six of eight) and 88% (seven
of eight) respectively. In this subgroup of patients, the
mean dose of dobutamine was the same as in patients
off therapy.

STRESS ECHOCARDIOGRAFHY IN THE DIAGNOSIS OF
CORONARY ARTERY DISEASE

Since the diagnosis of coronary artery disease by
2-dimensional echocardiography is based on the presence
of segmental wall motion abnormalities at rest, as well
as stress-induced wall motion abnormalities, the overall
sensitivity for the dizgnosis of coronary artery disease was
superior to that for the diagnosis of myocardial ischaernia
(79% vs 57% for dobutamine; 82% vs 64% for dipyrida-
mole). The specificity and accuracy are also represented
in Fig. 3.

DIAGNOSTIC COMPARISON OF DOBUTAMINE AND
DIPYRIDAMOLE STRESS ECHOCARDIOGRAPHY

In patients with significant coronary artery disease, the
wall motion score index increased significantly from the
rest 1o the stress study both during dobutamine and
dipyridamole, and the values during stress were similar
(1-3240-26 vs 1-31 +0-23, not significant) (Fig. 4).

In the coronary artery discase group. both stress echo-
cardiographic studies were abnormal {new wall motion
abnormality) in 13 patients and normal in seven patients;
in 16 of 18 patients with multivessel disease, wali motion
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Figure 3 Specificity, sensitivity and accuracy for the diagnosis of
coronary artery disease of dobutamine (solid bars) and dipyridamole
(open bars) stress echocardiography. WM =walls motton.
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Figure 4 Wall motion score index (WMSI) at rest, after dobut-

amine and after dipyridamole stress echocardiography in the 28

paticnts with sigrificant ¢coronary artery discase. NS=not signifi-
cant.

abnormalitics were detected by at least one of the two
tests.

Forty patients (87%) were concordantly ¢lassified for
the presence or absence of coronary artéry disease, while
the agreement for the diagnosis of myocardial ischaemia
was 78% (36 of 46). Furthermore, the same ventricular
walls were involved by ischaemia in the 13 patients with
both positive tests. A segment-by-scgment comparison of
dobutamine and dipyridamele stress echocardiography
showed concordance in 690 of 2 total of 736 (94%) scg-
ments, and in 85 of 99 (86%) segments affected in one or
both tests (Fig. 5). -

QUANTITATIVE STENOSIS MEASUREMENTS

The relation of new wall motion abnormalities induced
bydobutamineand dipyridamole to quantitativemeasure-
ments of coronary stenosisis represented in Fig. 6. Patients
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Figure 3 Agreement between dobutamineg and dipyridamole stress
echocardiography in the semmental analysis of left ventricular wall
motion. Normal =normal wall motion at rest and afler stress, n-
wma = new wall motion abnormalities. f-wma = wall metion abnor-
malities at rest without new or worsening wall motion abnormalities
after stress (“fAxed’).

% DST P03 Yo DST F=0-00I
Helelnd ena—ne g \OO|— —— sansns
SQF . 30 .
i t i 8
20 : i 80 i ¢
3 = - B a z
E -
a0 - 40 :
201 20
o= - — o=
V=20 N=26 =20 N=28
@ S) @ S}
Doburaming Dipyridamole

Figure 6 Comparison of per cent diameler coroniary sienoses
1°2DST) between patients with and without new wall motion abnor-
malities (NEW WMA) during dobutamine (left) and dipyridamele
(right) stress echocurdiography.

with an ischaemic response had more severe coron-
ary stenoses compared 1o these with a non-ischaemic
response: mean (£SD) per cent dizmeter stenosis of the
most severely affected coronary arteries for those with
new wall abnormalities with dobutamine was 70+ 31
compared with 47 + 38 for those without new wall motion
abnormalities (P=0-03), and for dipyridameole the cor-

responding values were 76421 compared with 42+40
(P=0-001). However, the prediction of the severity of
coronary stenoses in individual patients was limited,
since patients with comparable per cent diameter stenosis
{requently had discordant responses with both tests.

Discussion

In this study we made a direct comparisor of
dobutamine with dipyridamole in conjunction with 2-
dimensional echocardiography for the detection of
significant coronary artery disease and myocardial
1schaemia. Patients were studied in a random sequence
on different days with the two modalities. Sensitivity and
specificity did not significantly differ between the two
stress tests and the 95% confidence intervals are similar.

The most important mechanism involved in the devel-
opment of tschaemia caused by dipyridamole is the
maldistribution of dow. mostly from subendocardium to
subepicardium! . However, due to the increase in heart
rate, the incrsase in rate-pressure product might also
play a role in precipitating ischzemial'’l. In contrast, the
mechanism of1schaemia caused by dobutamine is primar-
ily based on the increase in myocardial oxygen demand.
secondary to the positive inotropic and chronotropic
effects!" . Despite the different mechanisms involved and
the experimental evidence that dobutamine shouid be
more suitable than dipyridamole for the detection of new
wall motion abnormalities!’, the present study showed
a very good correlation between the resuits of stress
echocardiography with the two pharmacological stress
agents. The apparent discrepancy with data from Fung
et al" mav be due. in part, to the submaximal dose of
dipyridamole that was employ@d in their experimental
study. Indeed. it is well demonstrated that a high dose of
dipyridamole (-84 mg kg™ in 10 min)} increases the sensi-
tivity of the test. with no loss in specifici’ V. This suggests
that. independent of the mechanism. dobutamine and
dipynidamole in high doses have a similar petental to
induce ischaemia in the presence of c¢ritical coronary
stenoses.

Pharmacological stress tests, either in conjunction with
2-dimensional echocardiography or with nuclear imag-
ing. have been proven 10 be of value in the diagnosis and
prognosis of patients with coronary artery diseasel"™"¥,
However. the tinding of significant coronary lesions by
visual analysis ofangiograms is of imited value in predict-
ing the physiclogical importance of the stenosis!'. This
is due to reproducibility errors!'®, and also to other
factors such as the site and the length of the lesion and the
presence of collateral vessels.

Wilson ef ¢l observed that in patients with isolated
coronary artery lesions, coronary flow reserve is related
to quantitative angiographic measures of lesion severity:
patients with abnormal coronary flow reserve had a mean
diamneter stenosis of 70% in comparison to patients with
normal coronary flow reserve who had a mean value of
45%. This point has been very recently underscored by
Sheikn ef al."k thev found a relationship between coron-
ary stenoses assessed quantitatively ard wall motion
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Tuble 3 Results of dobutamine and dipyridamale siress echucardingeraphy
hi Rest WA New WHA Positive test
Dobutamine No CAD 18 0 4§22%) 4 (22%)
CAD 28 12 (43%) 16 (37%) 22 (79%)
group A 1% 9 10(63%) 10 (63%%)
group B 12 12(100%) 6(30%) 12(180%)
Dipyridamole NoCAD o] 0 2(11%) 2 (11%)
CAD 23 12 (43%) 18(63%5) 23 (82%)
group A ) 0 12(73%) 12 (75%)
group B 12 121100%) 6{50%) 12(100%)

CAD =coronary artery discase, No CAD < 50%s diameter stenosis. WM A = wall motien abnormali-
ties, V' =number of patients. group A = normal wall motion at rest. group B =abnormal wall motion

at rest, positive test = abnormal wail motion at restand or after siress.

abnormalities detected by exercise echocardiography in
patients with isolated, single-vessel disease. The results of
the present study are partially in agreement with those
findings. showing that in a series of consecutive patients
with ¢hest pain referred for coronary angiography the
severity of cotonary stenosis was higher in patients with
an ischaemic response to pharmacological stress. How-
ever. the presence of stress-induced myocardial ischasmia
was unpredictable based on the severity of the coronary
stenoscs. This 1S not surprising. since the present study
did not deal with patients with discrete single coronary
lesions. but with z heterogeneous populaton. including
patients with previous myocardial infarction and or wall
motion abnormalities at rest, diffuse coronary lesions and
coronary collateral vessels.

STUDY LIMITATIONS

This study may be criticized on the basis ol its small
sarnple size being inadequate 1o show significance in the
trend in favour of the dipyridamaole test. However. evenif
this trend comunued. a study population of several
hundred patients wouid be required to show significance.
and ethically we feel unjusufied n subjecting these
patients who often have significant coronary artery
disease to two stress tests.

An additional lirnitation of this study is the presence of
f-antagonists in 2§ of these 46 patients. This blockade,
in effect, represents the antidote to dobutamine and we
initially considered that the continuation of f-blockers
could have underestimated the value of dobutamine in
favour of dipyridamole stress echocardiography although
recent data indicate that the f-blockade also affects the
dipyridamole test™. Subgroup analysis showed similar
sensitivity and specificity for those with and withowt
fS-blockers, although the numbers in the subgroups were
small and the analysis was performed retrospectively.
This finding is in agreement with data by Sawada er af ™.
and may be due to the presence of more severe coronary
artery disease in those patients who were treated with
S-blockers. Indeed. the prevalence of multivessel disease
among the population of the present study was 33%
in patients treated. compared to 27% in patients off
therapy. Ideally a direct comparision of the physiological
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etfects of these two agents would require assessment in
patients off therapy. but this may be clinically impractical
in such a patient population. Moreover, fblocker ther-
apy may also mask the side-cffects profile of dobutamine,
lowering the incidence of arrhythmias, for instance.

Finally. we used a high dose for both stress echocardio-
graphic tests. However. we employed dipynidamele in
an unconventional time interval of 6 min, rather than
in the standard stepwise model'™. Although no patient
had any serious complications, the safety of “one-shot’
administration remains 1o be assessed.

RELATION TO PREVIOUS CLINICAL STUDIES

The results of this study are in agreement with those
obtained by other authors. In fact, Previtali ez a/."¥ found
an overall sensitviry of 68% for dobutamine and 57% for
dipyvridameole in a population off therapy. Dipyridamole
stress echocardiography showed the same sensitivity as
dobutamine in patients with multivessel disease (92%)}
and a lower senstivity. in single vessel disease (31 vy 50%)
although the difference was not statistically significant. In
patients studied by dobutamine stress echocardiography
after acute myocardial infarction, Mannering et a/.
observed new or increased wall motion abniormalities in
20 of 41 patients and Berthe er a/™ in [3 of 30 patients;
these values are similar 1o the 50% rate of positive testsin
patients with wall motion abnormalities at rest found in
the present study. Picano er al. found new wall motion
abnormalities during dipyridamole stress echocardiogra-
phv in 74% of 72 patients with coronary artery disease.
Seventeen of these patients had a previous myocardial
infarction with wall motion abnormalities at rest; when
baseline and dipyndamole-induced wall motion abnor-
malities were both included. the sensitivity for the diag-
nosis of coronary artery disease increased to 1%,
compared 10 82% in our study.

Tvpical ST segment changes and/or angina were less
frequent than in other studies™ ™72 " However, many
of the patients in this series were being treated with §-
blockers which might influence the electrocardiographic
response. as indicated by clinical and experimental
daw ™, Furthermore, in the development of myocardial
ischaecmia transient wall motion abnormalities occur
before ECG changes and anginaP: since wall motion



abnormulities were considered as an endpoint, it might
be possible that in some patients ischacmsa was not
prolenged enough to induce ST segment changes.

In conclusion, for patients on antianginal therapy.
debutamine and dipyridamole stress echocardiography
provide similar diagnostic information on the presence
of myocardial ischaemia. Further studies are required 10
assess if the same results are obtained in patients off
medication.

Weare grateful to Dr J. Thijssen for statistica] advice. Alessandro
Salustn was supported by the Intenuniversity Cardiology Tnstituts
of the Netherfands, Albert McNeill is 2 British Heart Foundation
British-Dutch research fellow and Massimeo Pozzoli was supported
by Fondazione Clinica def Lavoro. Centro Medico di Montescane.
Pavia. Italy.
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CHAPTER 10.

Simultaneous debutamine stress echocardiography and technetium-99m
isonitrile single-photon emission computed tomography in patients with
suspected coronary artery disease.

T Forster, AJ McNeill, A Salustri, AEM Reijs, EM El-Said, JRTC Roelandt,
PM Fioretti.
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Simultaneous Dobutamine Stress Echocardiography and
Technetium-99m Isomitrile Single-Photon Emission Computed
Tomography in Patients With Suspected Coronary Artery Disease

TAMAS FORSTER. MD. ALBERT J. McNEILL. MD. ALESSANDRO SALUSTRI. MD,
AMBROOS E. M. REIJS. MSc, EL-SAID M. EL-SAID, MB. BCH. MS,
JOS R.T.C. ROELANDT. MD. FACC. PACLO M. FIORETTI, MD, PaD

Rotrerdam, The Netherlands

Objectives. The purpose of this study was to determine the
relative value of dobutamine stress echocardiegraphy aad
technetium-99m isonitrile single-photon emission computed to-
mography (mibi SPECT) in the detection of myocardial ischemia.

Background. Stress-induced new wall motien abrormalities
agd transien? perfusion defects are both used for the diaprosis of
myocardial ischemia.

Methods. One hundred five consecutive patients with either
proved or suspected coronary artery disease, whe were referred
for perfusion scintigraphy, were studied by a combiaation of the
two techniques. Both echocardiographic and mibi SPECT images
were visually amalyzed., Three patienls were excluded {rom the
final analysis because of unsatisfactory examinations: two with
noninterpretable stress echocardiograms 2nd one with noninter-
pretable mibi SPECT images. The response to stress was concor-
dantly classified by both techniques in $8% of patients (kappa =
0.51).

Results. Dobutamine stress echocardiography revealed the

presence of ischemia in 38 and raibi SPECT iz 45 patients (overall
agreement = 74%. Kappa = (.46). The agreement was higher in
patients without previons myocardial infarction (84%, kappa =
(0.62). When regional analysis was performed, concordance of
stress echocardiography and mibi SPECT occurred in 4% of the
306 regions (kappa = 0.45). Repional agreemment was also slightly
higher in patients without previous infarction (88%. kappa =
0.50). In 21 patients without previous myocardial infarction who
underwent ceronary angiography. the overall sensitivity of dobu-
tamtne stress echocardiography and mibi SPECT for the diagmosis
of coronary artery discase (diameter stenosis 50 %) was 73% and
83%. respectively. with a specificity of §9% (eight of nine patients)
for both tests.
Condlusions, Dobutamine stress echocardiography represents
a reasonable altermative to dobutamine mibi SPECT for the
[Tunctional assessment of patients with suspected myocardial isch-
emiz and without previous myocardial tnfarction.
(f Am Coll Cardiol 1993:21:1591-6)

The noninvasive detection of myocardial ischemia remains
an important clinical problem. Numerous methods have
been introduced to induce ischemia. such as exercise testing
(1-3), pharmacologic stress using dipvridamole. dobutamine
(4-6) or atrial pacing (7). Ischemia may be detected using the
electrocardiogram (ECG). perfusion scans (8,9) or echocar-
diography (i0-12). The diagnostic accuracy of the stress
ECG alone is limited. Nuclear perfusion swdies give accu-
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rate results but are expensive. By comparison, stress echo-
cardiomaphy is a widely available, a relatively cheap method
for detecting myocardial ischemia, and 1t has been the
subject of increasing interest and use in different clinical
settings. such as detection of coronary artery disease (5,13).
assessing the results of interventions (14) or predicting
pedoperative cardiac risk (13-17). Dobutamine is a beta-
adrenergic agonist with positive Inotropic and chronotropic
effects. These propertics make it suitable for inducing myo-
cardial oxygen demand and provoking myocardial ischemia
in cases of coronary stenosis. Pharmacologic stress imaging
with dobutamine has recently been used in conjunction with
both thallium scintigraphy and echocardicgraphy (8). With
both. dobutamine provided good diagnostic aceuracy for the
presence of coronary artery disease. However, no study has
been performed for comparing the diagnostic ment of the
two mecthods. In addition, ne comparative study has been
carried out with technetium-99m isonitrile (mibi). In partic-
ular, recent reports have demonstrated that dobutamine
stress ¢chocardiography has a good diagnostic accuracy for
the diagnosis of coronary artery disease, which ts similar to



that obtained with debutamine thallium scintigraphy (3.8).
However, the recent introduction of single-photon emission
computed tomography (SFECT) has improved the diagnostic
accuracy of scintigraphic technique for the detection of
myocardial ischemia and mibi has contributed te improve
the image quality of tomographic studies (9.15.18). So far,
the agreement between dobutamine-induced wall-motion
abnormalities {detected by echecardiography) and transient
perfusion defects (detected by mibi SPECT) for the diagnoe-
sis and localization of myocardial ischemia has not been
cxplored.

Accordingly. the aim of this study was to establish the
correlation between the two tests in a consecutive group of
paticnts with chest pain and proved or suspected coronary
artery disease who underwent simultancously performed
dobutamine stress echocardiography and mibi SPECT.

Methods

Study patients. The study group consisted of 105 consec-
utive patients referred to the nuclear cardiology laboratory
at the Thoraxcenter for the evaluation of suspected myocar-
dial ischemia. Their ages ranged from 24 10 81 years (mean =
SD 62 + 12): 38 were men and 47 women. Fifty-nine patients
had a previous myocardial infarction. At the time of the
study, 53 patients were receiving beta-adrenergic blocking
agents administered ¢ither alone or in combination with
witrates or calcium channel blocking agents, or both.

Dobutamine stress echoeardiography, After the patients
gave written informed consent, two-dimensional precordial
cchocardippraphy was performed. Standard parasternal and
apical views were recorded on videotape. Dobutamine stress
echocardiography was performed according to a previously
described protocol (11). Dobutamine was infused through an
antecubital cannula starting at a dose of 10 pg/kg per min,
increasing by 10 xg/kg every 3 min to a maximum of 46 pg/kg
per min, which was continued for 6 min. In patients not
achieving 85% of age-predicted maximal exercise heart rate,
atropine (up to I mg) was given intravenously if necessary
with the continuation of dobutamine.

The ECG was contiruously monitored throughout dobu-
tamine infusion, 12-lead ECG recorded ezch minute and cuff
blood pressure taken ¢very 3 min. Two-dimensional
echocardiogram was continugusly monitored and was re-
corded on videotape for the last minute of cach stress stage
and continuously after atropine administration. The infusion
was stopped If the paticat developed an obvious new wall
motion abnormality. ST segment depression >2 mm 8¢ ms
after the J point, $T segment elevation. ventricular tachy-
cardia or any complication considered to be due to dobu-
tamine. Metoprolol was available and used to reverse the
effects of dobutamire or atropine if these did rot revert
spontaneously and gquickly.

The assessment of echocardiographic images was per-
formed by two expericneed investigators after acquisition
without knowledge of the patients’ clinical data or coronary

anatomy but with knowledge of the doses of dobutamine and
atropine used. When there was disagreement between the
two off-line assessors, a third investigator viewed the images
without knowledge of the previous assessments and a ma-
Jority decision was achicved. For this semiquantitative as-
sessment. the left ventricular wall was divided into 14
segments. as described by Edwards et 2l (19) and scored
using a 4 point seale: 1 = normal. 2 = hypokinetic. 3 =
akinetic and 4 = dyskinetic. To analyze wall motion, images
recorded on videotape were subsequently reviewed at vari-
ous playback speeds. Both systolic wall thickening and
inward wall motion were visually evaluated. An increase in
score between rest and stress in one or more segments, that
is, 2 new or worsened wall motion abnormality, constituted
a positive test. In our laboratory both inter- and intra-
observer agrecment for stress echocardiographic assessment
are 91% (20): recent data indicate that assessment of 100
stress echocardiograms is adequate training for dlagnostc
accuracy in this technique (21). and all investigators in our
center have such experience. We did not use a conticuous
loop format for assessment of pharmacologic stress echocar-
diopraphy in all patients because we have previously tested
whether cine loop analysis of dobutamine echocardiography
had advantages over analysis of images from video tape and
found the same resoits by the two techniques (30).

Mibj SPECT imaging at rest and at peak stress. Approx-
irately 60 s before termination of the stress test, an injection
of 370 MBq of ¥™Tc mibi was administered. The stress mibi
SPECT images were acquired. on average, 1 hour after
dobutamine ended. Thirty-two projections (180° scanning)
were obtained with an acquisition time of 45 s/projection.
For each patient. six oblique (short-axis) slices were defined
from the apex to the base and three sagitzl slices from the
septum 10 the lateral wall. For rest studies. patients were
injected with 370 MBq of *™Tc mibi at least 24 b after the
first study using the same protocol. One experenced ob-
server visually assessed the uptake of radiotracer in studies
both at rest and during exercise. giving a seruquantitative
score based omr a scale of 4 grading {l = normal, 2 =
decrcased uptake. 3 = severcly decreased uplake, 4 =
absence of uptake). A persistent perfusion defect was de-
fined when a score =2 in one or more SegMERLS was present
both during exercise and at rest. Moreover, it was decided In
advance to consider a nonreversible defect of the septal
segments in the two basal short-axis slices as normal (four
segments). A perfusion defect was considered reversible
when the score at rest improved by at least one grade with
respect te the exercise scan in two Or more contiguous
segments. A significant but incomplete improvement of
perfusion from the exercise 1o the rest scan (persistence of at
lcast one segment with a score =2 in the scan at rest) was
regarded as an ischemic response and. for the purpose of
data analysis, was classificd as 3 reversible defect,

For each techmique. three different responses to stress
were defined: normal {absence of rest and siress abnormal-
ities). ischemic {reversible seintigraphic perfusion defects



and transient wall motion abnormalities duning stress ¢cho-
cardiography) and fixed abnormalities—infarction (fixed
seintigraphic perfusion defects. echocardiographic wall mo-
tion abnormalitics at rest without worsening at peak stress).
When both reversibie and fixed defects were present. the
response was classified as ischemic. To allow a valid com-
parison of each technique in {ocalizing ischemia. the 47
segments of the left ventricle on SPECT and the 14 echocar-
diographic segments were grouped into the following six
major regions: anterior. posterior. fateral, interventricular
septum (subdivided in anterior and posterior septum} and
apex. Furthermore, for analysis of regional agreement the
six major regions were further grouped into three myocardial
areas: 1) anterior and septal, 2) posterior and lateral, and
3) apical. For analyzing reasons for discrepancies, the orig-
inal six-region model was used to detect adjacent abnormal-
ities. The, results obtained by the twwo methods were then
compared.

Coronary angiography. Coronary angiograms using the
Judkins technique were performed within 3 months in 71
patients. Significant coronary ariery disease was defined as a
diameter sienosis >50%.

Statistical analysis. All continuous vanables are ex-
pressed as mean value = SD. The agreement between mibi
SPECT and stress echocardiography was defined as the
percent of concordant diagnoses and was also assessed by
calculating the kappa value: kappa values between 0,75 and
1 were considered indicative of good agreement, those
between {.4¢ and 0.75 indicative of moderate agreement and
those between 0 and 0.40 indicative of poor agreement.
MeNemar’s test was used to compare the percent of concor-
dant diagnoses between paired data (22). A p value < 0.05
was considered significant.

Results

Feasibility of dobutamine stress test. The dobutamine
stress test was completed without serigus complications in
all patients. The clinical variables of patients are shown in
Table 1. In the study group, 66 patients reached 85 of the
age-predicted maximal exercise heart rate. On average, the
heart rate achicved was 88% compared with the theoretic
maximal exercise heart rate of these 66 paticats: 28 paticnts
required atropine to reach the target heart rate. Three
paticats were cxcluded from final analysis: two because of
technically inadequate cchocardiograms at peak stress and
one patient because of poor quality mibi SPECT images
(iver uptake interfered with myocardial uptake). Thus, 162
of 105 patients had analvzable data with both tests and were
inciuded in the study. The overall success rate of the study
was 98%: no patient was excluded from analysis on the basis
of poor image quality on the rest echocardiogram. In 13
patients. because parasternal views were inadequate, only
the apical views were analyzed: however, all segments were
visualized in at least on¢ view.

Table 1. Results of Dobutamine Stress Test

Rest heart rate {beatsiming W1
Peak heart rate {bewtsimin) 131+ 16
Rest systolic blood pressure (mm Hg) 38=22
Rest diastolic blood pressure tmm Hgl Bl x 18
Preuk systolic blood pressure {mm Hg) 151 =26
Peuk diastolic blood pressure (mm Hg) T8 =10
Rade-pressure product {rest) 9,725 = 2,500
Rate-pressure product (peakl 19798 = 4311
Peak theoretical maximal exercise hearl rute (5%} B+ 13
Chest pain {no.1 35

ST segment depression (no.} 21

ST segment elevation (ne.} 7
Atropine used (po.) H

Datia are expressed ax mean value = SD or number of putients.

Relations between wall motion and myocardial perfusion.
The results of dobutamine echocardiography and dobu-
tamine mibi SPECT in the 102 patients are presented in
Fipure 1. Echocardiography revealed new wall motion ab-
rormalities in 38 paticats and wall motica abnormalities at
rest withour further worsening at peak stress in 31 patients:
test Tesults were negative in 33 patients. On mibi SPECT,
reversible perfusion defects were detected in 43 patieats,
and fixed perfusion defects alone in 28; the test results were
negative in 29 patients. The two methods concordantly
classified 69 patients (68%. kappa = 0.51). The majority of
discrepancies were due mainly 1o patiern discordance in
which both tests showed zn abnormal pattern but the type of
abnormality was different, that 1s, rest wall motion abnor-
mality versus reversible perfusion defect (11 patients) or new
wall abrormality versus fixed perfusion defect (8 patients).
In these 19 patients. both tests were definitely abnormal but,
by definition. the results were discordant.

For detection of presence or absemce of myocardial

Figuee 1. Results of simultaneous dobutamine echocardiography
(ECHO) and *™technetium isonitrile single-photon emission com-
puted tomography (SPECT). Squares marked 24, 28 and 17 display
number of patients concordantly classifted by both methods. ~In-
farction"™ = a rest wall motion abnormality without further wersen-
ing during stress on echocardiography and a fixed perfusion defect
on SPECT; ~Ischemia™ = a new wall motion abnormality on
echocardiography and a reversible perfusion defect on SPECT.

ECHO
Normal  "lachemia™ “intarction”
s Normal 24 2 3
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Figmre 2. Agreement for Ischemia berween dobutamine echocardi-
ography (ECHO) and *™echnétium isonitrile single-photon emis-
sion computed tomography. The agreement is higher in patients
without previous myocardial infarction (MI) (left panel).

ischemia (that is. new wall motion abnormalities and revers-
ible perfusion defects). the overail agreement between the
two methods was 74% (75 of 102 patients. kappa = 0.46).
The agreement increased when we separately analyzed data
of patients without previous myoecardial infarction (84%,
kappa = 0.62, Fig. 2). The specific reasons for discrepancies
in patients with normal wall motion at rest are reported in
Table 2. Of seven patients, three had a different but abnor-
mal pattern (ischemia versus mfarction), whereas four pa-
tents with an ischemic response on one test were classified
as normal on the other test.

The overall regional agreement was 84% (kappa = 0.45).
Shightly better agreement was found if we again separated
the group without previous infarction from that with previ-
ous infarction (88%, kappa = 0.50; 81%. kappa = 0.4%.
respectively, Fig. 3). Altogether. 50 areas were found with
diverging results, 16 arcas in 43 patients without previous
myocardial infarction and 34 areas in 59 patients with
previpus infarcdon. In 19 areas the two methods showed a
discordant pattern (new wall motion abrormalities vs. fixed
perfusion defects or wall motion abnormalities at rest vs.
reversible perfusion defects) in the same area. In 20 areas the
two methods showed abnormalities in one of the adjacent
segments. Two patients had single, distal and moderate
stenoses on the left anterior descending artery (which is a

Table 2. Disagreement Between Myocardial Ischemia in Patients
With No History of Myocardial Infarcticn

bl mibt
No- SPECT Eche Coronary Angiography
42 Ischemia Negative Not done
59 Ischemin Negative LAD stenosis
69 ischeria Infarction LAD distal stenesis
7% ischemia Infarction VD
102 Ischemia Negative LAD distal stenosis
12 Negative Ischemia Open stent RCA (false positive™
57 Infarction Ischemia Not done

Echo = dobutamine echocardiography: LAD = left anlerior descending
cororry oreryT mibi SPECT = P™echnetium single-photon emixsion computed
tomography: RCA = right coronury artery; 3VD = multiple-vessel discase.

ECHG
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c
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T 2 1 3 z P
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Agreement: 8B%
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Agreement: B1%
kappa=0.41

Figure 3. Regional ageement for ischemia betwesn dobutamine
echocardiography (ECHO) and *™technetium isonitrile single-
photon emission computed tomography (SPECT) in 306 regions.
The set of 2 % 2 tables at left represents data of patients without
previous myocardial infarction, and the row at right represents data
of those without previous myocardial infarction. The agreement was
stightly hicher in patients without infarction.

usual cause for a negative strass test result) and results of
dobutamine stress echocardiography were negative in those
cascs, There were only ning arcas where we could not
explain the discordant results of the two methods and
coronary angiography had not been performed to validate
the result of one of the methods.

Relation of dobutamine stress test to coronary angiographic
findings. Of 105 consecutive patients. 21 met the criteria of
no previcus myocardial infarction. normal wall motion at
rest and a recent coronary angiogram {<3 months). Twelve
of these 21 patients had significant coronary artery stenosis
{(=>50% diameter stenosis). Four of these 12 patients had
single-vesse] disease: n all 4, the stenoses were located on
the left anterior descending artery and tn 2 they were on the
distal portion of this artery. Another three patients- had
two-vessel disease—two patients with stenoses on the right
coronary and left anterior descending artery branches and
one patient with left circumfiex and left diagonal branch
stenoses—and five patients had triple-vessel disease. In the
other nine patients. no significant coronary stenosis was
detected: four of the nine had a normal coronary angiogram
and five had recent balioon angioplasty or atherectomy with
no significant coronary abnormality at the time of the cath-
sterization and the dobutamine stress test. The mean age and
hemodynamic data of this subgroup were comparabie with
those of the whole group.

Echocardiography detected 9 and mibi SPECT detected
19 of the 12 patients with significant coronary abnormalities-
Both tests had one false positive result (Table 3). Combining
the reselts of cchocardiography and mibi SPECT the sensi-
tivity increased (11 of 12). whereas specificity decreased
slightly (2 of 9 false positive}. Poor agreement was found
between ST segment changes during stress testing and the
coronary angiographic findings (42%. kappa = 0.077): this



Table 3. Companison of Dobutamine Echocardiography and mibi
SPECT in Patients With Coronary Angicgraphy and Normal Wall
Motion at Rest

CAD + (sensitivity) CAD - (specificity

Echo+ 9N21(75%) 179 (89%)
SPECT+ 10112 (83%) 179 (89%)
Echo+ or SPECT- 11412 (52%) 9 (78%)

CAD+ = patients with angiographically proved coronary anerv disease;
CAD~- = no significant cororary sienosis at the time of cardiue catheteriza-
tion. Echo+ = new wall motion sbnormility during dobutamine siress test;
SPECT+ = reversible perfusion defect on “M-technetivm isonitrile (mibi)
single-photon emission computed tomography during stress test.

result can be explained in part by the displacement of ECG
leads during dobutamine echocardiography. The agreement
between the presence of chest pain and angiographic findings
was acceptable (71%. kappa = 0.43). The results of echo-
cardiography and mibi SPECT were in agreement in 15 of 21
cases (71%. kappa = 0.43). Three patients with single-vessel
disease (all with distal lesions and moderate stenoses) had
negative findings on stress echocardiography whereas
SPECT did not detect one case of single-vessel disease and
one of double-vessel discase.

Discussion

Dobutamine stress testing is increasingly used to elicit
myocardial ischemia. and detect significant coronary artery
disease. mostly in conjunction with echocardiography (5.11).
Recently dobuwamine stress echocardiography and 201-
thallium scintigraphy have been used in different clinical
settings, such as the diagnosis of coromary disease, the
assessment of the results of coronary angioplasty or risk
stratification before vascular surgery (8,14.13). However, it
is unclear to whar extent the two tests provide concordant
information: for obvious financial considerations. stress
echocardiography should be favored if it gives the same
information as perfusion scintigraphy. The widespread use
of perfusion scintigraphy 1$ limited by the high cost of the
procedure and the exposure of the patients to radiation. Qur
primary goal was 1o establish the potential role of dobu-
tamine stress echocardiography as an alterative o perfu-
sion scintigraphy. To our knowledge, this is the first larpge
scale study in which dobutamine stress echocardiography
and perfusion scintigraphy were performed simultancously.
In addition, this is the first study in which 99m-technetium
isonitrile {mibi) hias been used in conjunction with SPECT
imaging during dobutamine stress testing. Our patient group
was primarily referred for pharmacologic perfusion scintig-
raphy to invesugate chest pain. Debutamine (with the addi-
tion of atropine. when necessary) induced new or worsened
wall motion zboormalitics in 3§ (37%) of 102 patients,
whereas transient perfusion defects were detected in 45
{44%). Chest paimroccurred in 35 patients and pathologic ST
segment deviaton in 28 (ST depression in 21 and ST cleva-

tion in 7}. The overall agreement between the two methods
for the detection of presence or absence of myocardial
ischemia was 745, When the results of both tests were
positive, the agreement for the localization of transicnt
defects was pood. The concordance was similar 1o that found
by others (17) as well as by our group (1.23}in a comparison
of exercise perfusion imaging with immediate postexercise
echocardiography. The agreement berween echocardiogra-
phy and SPECT for detection of ischemia was better in
patients with norma!l {84%) than i those with abnormal walt
motion at rest, However, in both patient groups, the inci-
dence of a positive SPECT finding was greater than that of 2
positive echocardiographic finding. This trend was more
evident in the group with abnormal wall motion at rest, in
which a transient perfusion defect more frequently occurred
in the infarcted area without a deterioration of wall motion or
wall thickening in the same area, These results are similar 10
those found in comelative echocardiographic and scinti-
graphic studies during physical exercise (1.17).

Several mechanisms can be advocated 10 explain these
discrepancies, 1) It is well known that perfusion scintigraphy
can detect myocardial malperfusion in addition to true
myocardial ischemia leading to a greater number of positive
scintigraphic than echocardiographic resuits. This outcome
15 consistent with our recent observation that positive results
are more frequently found with exercise perfusion scintigra-
phy, than with exercise echocardiography in patients with
moderzate coronary stenoses. In contrast, the rate of positiv-
ity with both techniques was similar in patients with severe
stenoses. In the present study, because pauents were pri-
marily referred for scintigraphic study rather than coronary
angiography, we did not use coronary angiography as a
standard. Instead., we compared the functional conse-
quences of myocardial ischemia detected by the two nonin-
vasive methods. Therefore. the hypothesis of the influcnce
of the severity of coronary artery stenoses on the different
tests could not be verified.

2) The higher incidence of a positive SPECT result in the
infarcted area. and cspeciaily in akinetic areas. requires
another explanation. Quinones et al. {17} clearly delincated
the possible explanations of this diserepancy when 201-
thallium was used as a radiotracer. In our study. we used
mibi instead of thallium, because we assumed that it was
more suitable for SPECT imaging as a result of its high
energy (18) and lack of significant redistibution. The latter
property of the radiotracer could overcome the problem of
differential regional washout rate. which couid be the cause
for reversible perfusion defects not directly related to mal-
perfusion or ischemia.

3} Another explanation for the higher incidence of tran-
sient perfusion defect in akinetic areas at rest is hibernating
myocardium and also the (cthering effect of the infarcted
arca on the noninfarcted myocardium {17). However, the
clinical and prognostic significance of areas with fixed
echocardiographic defects showing partial redistribution on
perfusion scintigraphy is uncertain and deserves further



investigation. In particular, studies have to address the
impact of corenary revascularization in these areas.

Stody limitations. Some limitations to the present study
should be acknowledged. 1) Both regional wall motion and
myocardial perfusion were assessed visually. Although we
have found a small intra- and interobserver variability in the
interpretation of SPECT images. the lack of guantitative
analysis could affect the results (23). Quantitative analysis of
exercise wall moticn assessed by echocardiography has been
attempted in normal persons (26). However, a semiquanti-
tative reading of perfusion scintigraphy and echocardiogra-
phy is the routinely applied method in most clinical labora-
tories (3-4),

2y Coronary angicgraphy was not used as the reference
standard in all patients. However, we do not consider this a
major limitation because our goal was 1o compare the value
of two different tests to assess the functionai significance of
coronary disease. Furthermore, it would not be correct 10
assess the diagnostic value of the tests in patients in whom
the application of coronary angiography was strongly depen-
dant on the test results.

Conclusions. Qur study indicates good agreement be-
tween echocardiography and mibi SPECT with respects 1o
the response to dobutamine in patients with normal wall
motion at rest for the detection myocardial ischemia. Mere
studies are warranted in patients with previous myocardial
infarctien in whom the concordance was less satisfactory.

This study was prepared with the technical assistance of Wim B. Vietter, BS.
We are grateful to all the rechnicians of the nuclear medicine laberatory, in
particular to Joyce Postma-Tjon, BS, for their frieadly support and technical
assistance during this study. We also thank Eric Boersmau. MS for helpful
statistical advice.
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CHAPTER 11.

Prognostic value of dipyridamole MIBI SPECT and dipyridamole stress

echocardiography for new cardiac events after an uncomplicated
myecardial infarction.

MERM van Daele, AJ McNeill, PM Fioretti, A Salustri, MMA Pozzoli, EM
El-Said, AEM Reijs, EC McFalls, JRTC Roelandt.

Submitted.






Summary.

A high-dose dipyridamole stress-test {0.84 mg/kg in 6 min) with simultaneous
MIBI SPECT, echocardiographic imaging and 12-lead ECG monitoring was
performed in 89 patients before hospital discharge after an uncomplicated
myocardial infarction. The aim of this study was to determine the prognostic
value of a high-dose dipyridamole stress test for mew cardiac events, and to
compare the relative values of SPECT, echo and ECG in 2 postinfarct
dipyridamole stress test.

At 2 years post-infarct 9 patients (10%) had died, 5 pts {6%) had suffered a
nop-fatal reinfarction and 14 pts (16%) had been readmitted for a
revascularization procedure. Cardiac death had occurred in 5/48 (10%) of
patients with a positive SPECT versus 4/41 (10%) with a negative SPECT
(n.s.), in 6/31 (19%) with a positive echo versus 3/56 (5%} with a negative
echo (p==0.05), and in 5/20 (25%) with a positive ECG versus 4/66 (6%)
with a npegative ECG (p=0.01). Cardiac death and/or reinfarction had
occurred in 8/48 (17%) pts with a positive SPECT versus 6/41 (15%) with a
negative SPECT (n.s.), in 6/31 (19%) with a positive echo versus 8/56 (14 %)
with a negative echo (n.s.) and in 5/20 (25%) with ST changes versus 9/69
(14%) without ST changes (n.s.). Thus the predictive value of the
dipyridamole stress test for new cardiac events after an uncomplicated
infarction was limited, irrespective of the method used to detect ischemiz.
Reversible perfusion defects were identified more frequently than new wall
motion abnormalities or ECG-changes, but did not predict late events. A
positive dipyridamole-echo or ECG both were associated with a higher late
mortality, but did not predict other cardiac events.

Key words: Dipyridamole stress echo
Dipyridamole MIBI-SPECT



Introduction.

The indication for coronary angiography’? in patients after an uncomplicated
myocardial infarction (no signs of heart failure, postinfarct ischemia nor late
ventricular arrhythmias) remains controversial. Ideally, non-invasive methods
should be reliable for risk stratification and for selecting the patients that
need further invasive investigation and therapy. Myocardial ischemia during
stress may identify patients at risk, and the value and limitations of post-
infarct exercise testing have been documented extensively 319. However,
many of these patients are unable to perform an adequate level of exercise,
and the sensitivity of electrocardiographic ST-segment changes has
limitations.

Pharmacologic stress-testing combined with echocardiography or nuclear
imaging are highly reliable techniques for the detection of ischemic heart
disease!!’s, but the value of these techniques for risk stratification after an
uncomplicated myocardial infarction remains unclear despite previous
studies!®-23.

We conducted a prospective study on the prognostic value of dipyridamole
stress-tests in patients prior to discharge after an uncomplicated myocardial
infarction. A direct comparison was made of echocardiographic, MIBI
SPECT and electrocardiographic evidence of ischemia during the test, and the
resuits were related to new events (reinfarction and cardiac death) and the
need for revascularization during two years follow-up.

Patients and Methods.

Between October 1989 and January 1991, 89 consecutive patients with a
recent uncomplicated myocardial infarction were studied after they were
transferred from the coronary care unit to the ward. Infarction diagnosis was
based on the combination of typical complaints and ST-segment elevation
followed by positive CPK and CPK-MB levels. Patients were excluded from
this study if they had late ventricular arrhythmias, signs of heart failure or
chest pain after the acute event. The dipyridamole stress-test was performed
prior to discharge, after informed consent was obtained. Results of the test
were mot used for clinical decision making. Routine exercise
electrocardiography and coronary angiography were the tests, performed at
the request of the attending doctor, on which patient management was based.
All medication was continued, including beta-blockers in 60 patients, oral
nitrates in 37 and calcium antagonists in 22. No patient used aminophylline-



containing drugs. Tea, coffee and other caffeine-containing beverages were
withheld at least 12 hours prior to the test. Dipyridamole was infused into the
antecubital vein in a dose of 0.84 mg/kg over a six minute period under
continuous electrocardiographic monitoring. We chose a high dose since this
increases the sensitivity of echocardiography in our experience and that of
others*. Aminophylline (200 mg) was administered intravenously 10 minutes
after the end of dipyridamole infusion, or earlier if there was evidence of
ischemia which did not resolve spontaneously.

Standard 12-lead ECG's were recorded before the start of dipyridamole-
infusion and at the end of every minute, until aminophylline had been
- administered. The ECG's were analysed by a cardiologist unaware of other
test results. Ischemia was defined as at least 1 mum ST-segment depression
compared to the rest-ECG, at 80 ms after the J-point.

Four standard echocardiographic views (parasternal long- and short axis,
apical two- and four chamber) were obtained and recorded before infusion of
dipyridamole and the optimal transducer postions were marked on the chest
of the patient. A Hewlett Packard Sonos 1000 echo machine with 2.5 and 3.5
mHz transducers was used. Images were recorded continuously on videotape
during dipyridamole infusion and for 10 minutes afterwards, until
aminophylline had been administered. They were analysed off-line by two
experienced echo-investigators who were unaware of other patient-data, in
accordance with methods described before?s. Briefly, two investigators
independently scored 14 segments of the left ventricular wall on a 4 point
scale; 1=normal, 2=hypokinetic, 3=akinetic, 4 =dyskinetic. An increase in
score in one or more segments compared to the wall motion score at rest
constituted a positive test. When there was disagreement a third investigator
scored the images and a majority decision was attained. Infarct extent was
calculated as the number of segments with a rest score >1 and infarct
severity as (sum of segmental scores at rest/ nember of segments visualized).
The 14 segments were regrouped into six regions of myocardium (anterior
septum, posterior septum, posterior, lateral and anterior wall, apex) for
comparison between the dipyridamole stress echo and SPECT data.
Technetium-99 m MIBI (370 MBq) was injected intravenously two minutes
after dipyridamole infusion had ended, e¢ight minutes before it was
antagonized with aminophylline. Stress SPECT images were acquired one
hour after dipyridamole and rest-images after 24 hours. This was done using
a Siemens Orbiter gamma camera, leap collimator, and a zoom factor (square
root 2), 15% energy window and 64x64 word mode matrix. Thirty-two
projections were taken over 180 degrees starting at the 40 degree left
posterior oblique position. Acquisition time per projection was 45 seconds.



After median prefiltering of the acquired data. images were reconstructed
using a filtered back projection algorithm with a ramp reconstruction filter.
The images were analysed in accordance with methods described previcusly®.
Briefly, a total of 47 segments were assigned a score on a scale of five
grades. A positive dipyridamole stress SPECT result was defined as one with
an improvement from stress to rest by at least ome grade in at least two
contiguous segments.

The extent of the infarction was calculated as the number of segments with a
rest score >2 and the severity of the infarction was calculated as the sum of
the segmental scores at rest.

The 47 segments were regrouped into 6 regions of myocardium (anterior
septum, posterior septum. posterior, lateral, anterior wall, apex) for
comparison with the echocardiographic findings.

Symptom limited exercise ergometry was performed in 66 of these 89
patients, and coronary angiography in 58. These studies were performed, as
mentioned above, for clinical decision-making at the request of the attending
doctor. Patients with gross obesity, orthopaedic or neurological disabilities or
exercise-limiting peripheral vascular or pulmonary disease were excluded
from exercise stress testing. Upright bicycle ergometry. starting at 40 Watts
and increasing by 20 Watts per minute, was performed. Antianginal therapy
was continued. ST depression of at least I mm at 80 msec after the J-point
was considered significant for ischemia and the test was stopped for
significant chest pain, dyspnea, fatigue, ventricular arrhythmias, fall in
systolic blood pressure by 20 mmHg from baseline or >2 mm ST depression
80 ms after the J point.

Follow-up data were collected at two years post infarct. The data were
obtained from the outpatient clinic visits and completed when necessary by
contacting the patient's general practitioner. Endpoints were 1) cardiac death,
2) nonfatal reinfarction and 3) coronary angioplasty or bypass surgery.
Kaplan-Meyer curves for survival and infarct-free survival were constructed
and compared by log rank tests (Mantel-Cox).

Results.

Of the 89 patients, 70 were male and 19 female. Mean age was 60 (+11)
years and 27 had a history of a previous infarction. The site of infarction was
inferior/posterior in 48 patients, septal/ anterior/anterolateral in 34, lateral in
3, and in 4 the site was undetermined. Thirty-one had had thrombolytic



therapy. Thirty had a non-Q wave infarction (with a maximal CPK level of
463 +338 U/1), 59 had developed a Q wave (CPK's 1189 +1074) on the rest
ECG at the time of the stress-test.

The dipyridamole stress test was performed 9 (£5) days after the infarction
and was completed in all patients without complications. Heart rate increased
from 70 414 to 85 +14, (p<0.0001) and systelic blood pressure decreased
from 125 £+16 to 121 +21 (p<0.01) during dipyridamole-infusion. Twenty-
four patients developed chest pain during the test.

ST depression > 1 mm occurred in 20 of 86 patients. ST segments were not
assessed in 3 patients because of left bundle branch block.

Dipyridamole stress echocardiography

In 87 of the 89 patients the images were of adequate quality for analysis; 63
(72 %) had wall motion abnormalities at rest. Dipyridamole-induced new wall
motion abnormalities developed in 31 (36%). In 21 patients the new
abnormality developed in areas adjacent to those with a resting wall motion
abnormality (regarded as the infarct zone), in 7 patients the new
abnormalities were in areas with normal resting wall motion (regarded as
remote from the infarct zone) and 3 patients had new wall motion
abnormalities in both the infarct zone and remotely.

Dipyridamele SPECT

Fixed perfusion defects were seen in 78 of the 89 patients (88%) and
reversible defects occurred in 48 (54%). Of these 48, 29 occurred in areas
with perfusion defects at rest (regarded as the infarct zone), 7 occurred in
areas with normal rest perfusion (regarded as the remote zone) and in 12
patients there were reversible defects both in the infarct zone and remotely.

Relationship between dipyridamole test results.

The frequency of reversible defects on SPECT (54%) was greater than the
frequency of either new wall motion abnormalities on echocardiography
(36%), chest pain (27%) or ST-segment depression on ECG (23%). Figure 1
shows the agreement between the different imaging methods for ischemia
during dipyridamole infusion. Concordance was 61% between SPECT and
echo (kappa-value =0.236), 50% between SPECT and ECG (k=0.024) and
70% between echo and ECG (k=0.290).



Exercise electrocardiography

Bicycle ergometry was performed in 66 patients before hospital discharge.
They achieved a significant increase in heart rate from 71(413) to 126{+22)
(p<10‘6) and systolic blood pressure rose from 127(-417) to 169(%32)
mmHg from rest to peak stress (p< 10-6). Significant ST depression occurred
in 33 patients (50%), chest pain in 13 and dyspnoea in 23. Nine patients
achieved a work load less than 100 W. The concordances for exercise-
induced ST depression and dipyridamole- test results are illustrated in figure
2. Concordance between exercise-ECG and dipyridamole-ECG was 55%
(kappa-value =0.150), between exercise-ECG and dipyridamole echo
concordance was 55% (k=0.112), and Dbetween exercise-ECG and
dipyridamole-SPECT it was 56% (k=0.121).

Follow-up results.

Follow-up was complete at 2 years postinfarct in 88 patients, and up to 16
months in one. Nine patients had died; one from right heart failure (inferior
infarction, cor pulmonale secondary to emphysema), one from a ruptured
aortic aneurysm, three died in the hospital following a reinfarction and four
had a sudden death at home, most probably of cardiac origin. Five patients
had suffered another non-fatal myocardial infarction and from those who had
various degrees of recurrent angina, fourteen had undergone a
revascularization procedure.

Relationship between dipyridamole stress tests and new cardiac evernts

The main results are summarized in tables I and I and in figures 3 and 4.
Five out of 48 patients with a positive SPECT had died versus 4/41 with a
negative SPECT, 6/31 with a positive dipyridamole stress echo versus 3/56
with a negative eche and 5/20 with ST-depression during the dipyridamole
test versus 4/66 without ST changes. Reinfarction and/or death occurred in
8/48 patients with a positive dipyridamole-MIBI SPECT versus 6/41 with a
negative SPECT, in 6/31 patients with z positive dipyridamole-echo versus
8/56 witl® a negative echo and in 5/20 with ST-segment depression versus
9/66 without ST-changes (Table I).

When a log ranksumtest is applied to the Kaplan-Meyer curves (figures 3 and
4), only the survival curves for echo and ECG data are different. However,
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the numbers of events in these curves is limited, and the overlap in the 95%
confidence intervals (Table 1) is considerable.

The results of pre-discharge examinations in the patients who had a cardiac
event during the follow-up are summarized in rable II. Among these 14
patients, there were 3 in whom the dipyridamole stress test was negative by
all methods. Also the angiographic findings in these patients were diverse and
not different from the whole subgroup that had been catheterized (25 patients
with single-vessel disease, 18 two-vessel disease, 15 three-vessel disease; 20
patients with 100% stenosis of the infarct related vessel, 6 with 90-99%
stenosis, 26 with 50-90%, 5 with less than 50% stenosis, unknown in one).
Infarct extent and severity in the resting images did not predict subsequent
mortality. MIBI SPECT score of infarction extent (number of segments) was
9.0 (£6.7) for the survivors versus 14.7 (£10.5) for those who died
(p=0.06). and the score for infarction severity (sum of segment scores) was
23.9 (4+20.4) for the survivors versus 37.0 (£30.5) for those who dijed
(p=0.15). The echocardiographic score for infarction extent was 3.76
(£3.22) for the survivors versus 3.40 (£2.79) for those who died (p=0.81),
and the score for infarction severity 1.34 (£0.33) for survivors and 1.36
(£0.29) for those that died (p=0.93).

Relationship between exercise electrocardiography and events at follow-up

Six out of 23 patients who were excluded from an exercise test died during
follow-up, versus 3/66 (p=0.01. Fisher exact) who had been exercised prior
to discharge (Table III). More patients with a positive than a negative
exercise test had subsequently angiography and revascularization. but it
should be realized that results of the exercise test were available to the
attending doctor and used for decision making, this in contrast to the results
of the dipyridamole tests. Just like the dipyridamole- echo and ECG, the
exercise-ECG did not predict recurrent myocardial infarctions (Tables I and
Iin.

Discussion.
In the present study. a direct comparison between dipyridamole stress echo
and MIBI SPECT imaging was performed in a group of consecutive patients

with a recent uncomplicated myocardial infarction. The aim of the study was
twofold, 1) to assess the agreement between dipyridamole stress echo, MIBI-
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SPECT and ECG for the diagnosis of residual ischemia and 2) to compare the
prognostic value of these modalities, relative to the generally accepted
conventional exercise ergometry. As far as we are aware of, this is the first
study which addresses these questions in patients with a recent and
uncomplicated myocardial infarction,

Dipyridamole MIBI SPECT yielded the highest incidence (54%) of an
ischemic response, while dipyridamole stress echocardiography was positive
in 36% of the patients. ST-segment depression was the least frequent marker
of dipyridamole-induced ischemia (23%). Due to the different distribution of
the detection of ischemia with the different methods, the agreement between
them was poor, ranging from 50% (between SPECT and ECG) to 70%
(between echo and ECG). There are different reasons to explain the
discrepancy between the different markers of ischemia. Firstly, it is known
from the "ischemic cascade” that the perfusion heterogeneity is the first
phenomenon during stress. followed by a wall motion abnormality. ST-
segment changes are the last phenomenon during stress induced ischemia.
Therefore, if the vasodilation is submaximal, it is not surprising that
reversible perfusion defects can be seen in the absence of echo and/or ECG
changes. indicating maldistribution of flow rather than true ischemia.
Secondly, it is intriguing that agreement between the tests is much worse in
this postinfarct population than in a non-infarct population®*. The presence of
resting wall motion abnormalities and fixed perfusion defects in postinfarct
patients may degrade the reliability of either test. A third factor which may
contribute to the higher frequency of perfusion defects than mechanical
markers of ischemia, is the use of antianginal medication, which was not
discontinued in our patients. Recent data indicate that the sensitivity of
dipyridamole stress echocardiography for the detection of coronary artery
disease is reduced by some 30% in patients using anti-anginal therapy?¢. The
effect of anti-anginal medication on the sensitivity of dipyridamole-SPECT is
unclear. Some have reported that beta-blockade does not affect dipyridamole
thallium scintigraphic images?’, whereas others have reported that beta-
biockers increase and calcium antagonists decrease SPECT defect size?®-2®,
The prognostic information that we obtained from the dipyridamole stress
tests were disappointing, even if both positive dipyridamole echo- and
glectrocardiography tests were associated with higher late mortality. If the
number of patients had been much larger, and thus confidence intervals
smaller, statistical significance might become stronger. However, since our
goal is to find a test that helps to predict the fate of the individual patient, a
test of which the predictive value, if any, can be demonstrated only in very
large series has limited value in clinical practice. Furthermore, the



observation in this study that all five nonfatal reinfarctions occurred in
patients with both negative dipyridamole echo and ECG adds more doubt to
the clinical value of this test in this selected population. When a non-fatal
reinfarction was added as an end-point to cardiac mortality, all 3 ischemic
markers lost even any tendency of prognostic usefulness. This is consistent
with previous data showing how difficult it is to predict a reinfarction in
asymptomatic postinfarct patients®!19.23,

The number of events and the predictive value of either test might have been
much higher if recurrent angina had been considered an endpoint. Several
recent studies have demonstrated that evidence of ischemia during an exercise
test predicts recurrent angina but not reinfarction or cardiac death?®3.
However, we did not include recurrent angina as an endpoint for two
reasons; first, uniform and reliable assessment of new or recurrent angina is
difficult, especially if patients are seen by many different doctors. Second,
prediction of chest pain is not a goal for a test; the patient can tell when he
has recurrent chest pain, and it has no therapeutic consequences until then.
Interestingly. the extent and severity of wall motion abnormalities and of
perfusion defects at rest were not predictive of late mortality (although this
might be different with a longer follow-up). This is very likely due to the
selection criteria, by which patients with advanced left ventricular
dysfunction were excluded, and indeed no morality from left ventricular
failure occurred during follow-up.

Cur negative results regarding the prognostic value of MIBI SPECT are in
contrast to previous thallium scintgraphic studies'-2'2132_ It is unlikely that
this results from the use of 99m Technetium rather than thallium, or the use
of SPECT rather than planar scintigraphy. Most positive studies included
patients with LV dysfunction, used recurrent angina as an endpoint. or both.
The selection of patients and endpoints in our study may be the main cause of
the different results.

Symptom-limited bicycle ergometry was performed in 66 patients. Similar to
previous studies”™?, patients with a negative test who performed 100 Watts or
more had an excellent survival (the single patient who died after a "negative”
exercise test had been able 1o perform only 80 W ). All mortality occurred in
patients with either a positive exercise test. a low exercise tolerance or
patients unable to perform the exercise test. However, when it comes to
predicting new myocardial infarctions, the value of the exercise test was. in
this experience. as limited as the value of any dipyridamole stress-test. This
is in accordance with other studies reporting the limitations of a postinfarct
exercise test to predict reinfarctions®?.

Would these patients be better off if they all underwent coronary angiography



? A review of the available angiographic data showed that our population was
diverse in extent and severity of coronary disease, but the subset of patients
who suffered an event during follow-up did not constitute a uniform group of
more severe angiographic abnormalities. Our data do not allow firm
conclusions on the predictive value of angiography in this low-risk
population. However, larger studies have also reported that clinically low-
risk post infarct patients do not benefit from angiography33.

Limitations of the study.

The number of hard events during follow-up was limited. This was to be
expected. since we selected patients who are at "low risk" by all clinical
predictors. The number of events and the prognostic value of the test might
have been higher if we had included patients with additional risk factors,
such as postinfarct angina. However, these patients already have an
indication for invasive investigation. Cur study population represents the one
in which pharmacological stress-testing might have its main role for post
infarct risk-stratification; namely those who do not have an a priori indication
for cardiac catheterization and angiography. The limited number of events
resulted in wide confidence intervals.

Another limitation of the study may be the continuation of anti-anginal
medication during the test. As mentioned above, it is unknown to what extent
the potential effects of anti-anginal medication on cardiac imaging tests
influence the prognostic utility of these tests.

Relationship to other studies.

‘Since the start of this study, in October 1989. some reports have been
published on the predictive value of dipyridamole stress tests after a
myocardial infarction.

Bolognese et al.'* performed a dipyridamole stress echo (no SPECT) in 217
patients after a first uncomplicated myocardial infarction. At a mean follow
up of two years, 4 out of 128 patients with a positive test had died versus 1
out of 85 with a negative test, and 6 out of 128 with a positive test had a
nonfatal reinfarction, versus 1 out of 8% with a negative test. Thus this study
provides stronger evidence than our study that a positive dipyridamole stress
test after infarction is associated with a higher mortality. and it also provides
evidence, in contrast to our study, that a positive test is associated with a
higher reinfarction rate. Nevertheless, the predictive value of a positive test
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is extremely low, limiting the usefulness for clinical decision making.

Sclavo et al.?® performed a dipyridamole stress echo in 107 asymptomatic
patients 5 to 8 days after an uncomplicated myocardial infarction treated with
thrombolysis. Although again the limited number of events precludes firm
conclusions, they found, more in agreement with our study. that the incidence
of cardiac events was not predicted by the dipyridamole stress echo results.
The EPIC study. of which preliminary results were presented at the meeting
of the American College of Cardiology®®, had a 2-year mortality of 9.4% in
patients with a positive dypiridamole stress echo (compared to 19% in our
patients) versus 3% (5% in our patients) in those with a negative test. No
ECG or scintigraphy was part of in this study. The results of this multicenter
study will have a greater statistical power than our study. However. as
mentioned above, if a test has a limited predictive value in small series, its
value for decision making in the individual patient is limited, even when
statistical significance is reached in larger series.

In summary, some indications for invasive diagnosis and therapy post infarct
are well defined'*. In patients with an uncomplicated infarction {ne evidence
of heart failure, residual ischemia or late ventricular arrhythmias) a negative
exercise test at an adequate level of stress is associated with a low mortality,
in many previous studies as well as in this study, but has limitations when it
comes to predicting new infarctions. This study cannot provide evidence that
dipyridamole 1s superior to exercise as the modality of choice for postinfarct
stress tests. Dipyridamole echocardiography can be considered in patients
unable to perform an exercise test, in those with a poor exercise tolerance or
with equivocal exercise results. The test is safe early post infarct, but its role
and clinical value in postinfarct risk stratification remains questionable. In
our experience the value of a dipyridamole stress test to predict new cardiac
events after an uncomplicated myocardial infarction was limited, irrespective
of the method used to detect ischemia, MIBI SPECT being the Ileast
discriminative.
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Figure 1.
la: Concordance for ischemia between dipyridamole SPECT (transient
perfusion defects) and stress echocardiography (new wall motion

abnormalities).

1b: Concordance for ischemia between dipyridamole SPECT and ECG (ST-
depression).

lc: Concordance for ischemia between dipyridamole echocardiography and
ECG.
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2a: Concordance for exercise induced S8T-depression and dipyridamole

induced ST-depression.

2b: Concordance for exercise-induced ST- depression and dipyridamole
induced reversible perfusion defects on SPECT.

2Z¢: Concordance for exercise-induced ST-depression and dipyridamole
induced new regional wall motion abnormazlities on echo.
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Figure 3.

3a: Survival of patients with a positive dipyridamole SPECT versus those
with a negative dipyridamole SPECT before discharge after an uncomplicated
myocardial infarction: p=NS.

3b: Survival after positive versus negative dipyridamole-echo; p=0.05

3c: Survival after positive versus negative dipyridamole-ECG; p=0.01
Although the survival curves for echo and ECG are significantly different in
a log ranksum test, this test should be interpreted with reservation because of
the limited number of deaths. Actually two patients, who died early after a
positive test by all methods, are largely responsible for the differences.
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4a: Infarct-free survival of patients with a positive dipyridamole SPECT
versus those with a negative dipyridamole SPECT before discharge after an
uncomplicated myocardial infarction.

4b: Infarct-free survival after positive versus negative dipyridamole-echo.

4¢: Infarct-free survival after positive versus negative dipyridamole-ECG.
None of these curves are significantly different (log ranksum test).
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Table 1. Numbers of patients with a positive versus negative dipyridamole
stress SPECT, echo and ECG and the numbers and percentages of patients
from these subgroups that had suffered cardiac death, reinfarction or a
revascularization procedure within two years post-infarct

Death Infarct Revasc Mortality Death/re-MI

SPECT pos.(n=48)

th
[#%]
-]

10% (3-22 17% (8-31)
10% (3-23) 15% (6-30)

SPECT neg.(n=41) 4 2 7

Echo pes.(n=31) 6 0 5 19% (7-37) 19% (7-37)
Echo neg.(n=56) 3 5 9 5% (1-15) 14% (3-27)
ECG pos.(n=20) 5 0 2 25% (8-48) 25% (8-48)
ECG neg.(n=66) 4 5 12 6% (2-15) 14% (7-25)
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Table II. Results of the dipyridamole-stress test (reversible perfusion defects
on SPECT, new regional wall motion abnormalities on Echo, ST and angina)
before discharge and results of coronary angiography in the patients who
suffered cardiac death or nonfatal reinfarction within 24 months. "No.Ves" is
number of vessels diseased on coronary angiography, IRV is stenosis in the

presumably infarct-related vessel. I and R (in the SPECT and Echo-tables) is
Infarct-region and Remote.

Cardiac death

months
from rest

pt nr. infarct CPK ECG SPECT ECHO ST Angina No.Ves IRV
3 15 522 Q I - - - 1 100%
4 3 1800 Q - - + + 1 50-90%
10 9 450 Q - I+R + + 1 100 %
15 1 1100 Q I+R I + + 3 100%
16 14 608 n-Q I+R I+R + + 1 50-90%
30 10 476 Q - I - -
52 14 400 Q - - - - 3 50-90%
57 2 Q 1 R . - 3 100%
62 22 1155 Q I I+R - -
Nopfatal reinfarction

months

from rest

pat nr. infarct CPK ECG SPECT ECHO ST Angina No.Ves IRV
25 18 Q - - - -
26 23 381 n-Q i - + - 1 50-90%
32 11 423 Q R - - - 1 50-90%
42 9 1215 Q I+R - - -
46 8 328 n-Q - - - - 2 50-90%



Table III. Exercise eclectrocardiography versus new cardiac events during
follow-up.

Death Infarct Revasc.
n= n= n=
X-ECG pos. (n=33)} 2 0 6
X-ECG neg. (n=33) I 4 3
no X-ECG (n=23) 6 1 3
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CHAPTER 12.

GENERAL DISCUSSION

1) Feasibility and safety of stress echecardiography

The results of the studies reported in this thesis show that siress
echocardiography is a feasible technique, both in conjunction with exercise
and with pharmacological agents. In our series including about 500 patients,
only 9 have been excluded from analysis because of poor image quality.
Clearly. this is due to the improved resolution of the new echocardiographic
devices and the application of digital techniques. However, our resulrs
indicate that the impact of digital techniques on exercise echocardiography is
more significant than on pharmacological stress echocardiography of which
dobutamine has gained a prominent role.

The safety of exercise echocardiography has been documented in large
series of patients undergoing exercise electrocardiography and is primarily
dependent on the selection of patients. Both our studies and those of other
investigators (1) have indicated that pharmacological stress testing is equally
safe. Mild side effects occur in about 15% of the patients tested, while severe
side effects requiring the interruption of the test are very rare and less than
1%. Stress-induced wall motion abnormalities, which are not a side effect burt
the end-point of the test, always promptly reversed, either spontaneously
after the infusion was stopped, or after administration of an antidote in
combination with nitrates. Interruption of the test at the moment the first new
wall motion abnormality occurs makes the test safe to perform. but has
probably limited the study of its potential role in the diagnosis of multivessel
disease.

2) Diagnosis of coronary artery disease and myocardial ischaemia
Myocardial ischaemia is generally due to significant coronary artery stenosis.

Baseline regional wall motion abnormalities often indicate the presence of
significant stenosis in the related artery. Thus. in these regions diagnosis of



coronary artery disease can be made by echocardiography at rest, while stress
echocardiography can offer information on the presence of ischaemia. In this
case, coronary arteriography can not be regarded as the reference method. In
segments dyssynergic at rest the presence of stress-induced wall motion
abnormalities should be better compared with another imaging test, such as
nuclear perfusion imaging.

The diagnostic accuracy of stress echocardiography in detecting
coronary artery disease has been reported by several groups (2-29). In Table
I. II. and III the results of stress echocardiography (exercise. dobutamine,
dipyridamole) limited to patients with normal wall motion at rest and/or no
previous myocardial infarction are reported. Thus. the confounding effects of
the presence of wall motion abnormalities at rest should be avoided. Overall
sensitivities ranged from 48% to 97% and specificities from 64% to 100%.
These differences can be explained by patient selection, proportion of
patients on medication, protocels of stress and criteria for the definition of
coronary artery disease. In Table IV, these issues on dobutamine stress
echocardiography are presented. Interestingly, the cumulative values of the
different tests are similar, and independent of the type of stress employed.
Sensitivities are 81%, 80% and 71%: specificities are 87%, 88% and 94%,
for exercise, dobutamine and dipyridamcle. respectively. Moreover, in this
selected population the results of siress echocardiography compare favorably
with those obtained with exercise electrocardiography (Table V).

The comparison between stress electrocardiography and stress
echocardiography has different implications according to the different
subgroups of patients. Patients with rest S-T segment abnormalities due to
left ventricular hypertrophy. left bundle branch block,. digitalis therapy or
sometimes prior myocardial infarction have an uninterpretable exercise test.
Furthermore, some patients referred for stress testing are either unable to
exercise or exercise submaximally. In these clinical situations, the primary
use of stress echocardiography should be recommended. Both sensitivity and
specificity for the diagnosis of coronary artery disease are higher with stress
echocardiography. a method which also offers the unique advantage of
Iocating the site, the extent, and the severity of myocardial ischaemia.

3) Comparison with nuclear technigues

Myocardial perfusion scintigraphy is the most widely applied imaging
technique for the evaluation of patients with coromary artery disease.
Exercise thallium scintigraphy has been utilized in patients with stable angina
and uncomplicated myocardial infarction, both for diagnostic and prognostic



purposes (30-33). However, myocardial scintigraphy has some disadvantages.
First, the specificity of the test in unselected population is suboptimal.
Second, it requires sophisticated and expensive techniques, not avaiiable in
every diagnostic center. Third, radiation exposure becomes a limitation when
serial studies are needed. Finally, the cost of a test is relatively high and
represents a favorable factor for echocardiography in terms of
cost/effectiveness ratio. Based on individual studies, stress echocardiography
and nuclear imaging (radionuclide ventriculography. myocardial perfusion
scintigraphy) have comparable degrees of sensitivity and specificity for the
detection of coronary artery disease (Table VI). Echocardiography is now
widespread available, not limited to few centers, and its versatility offers the
unique advantage to obtain information from the patient in real-time, quickly,
at low-cost, and in many different clinical situations. Furthermore, stress
echocardiography is not limited to a few experts, although the technique is
operator-dependent. Indeed, the test can be reliably interpreted by every
cardiologist after adequate training and some experience (37).

In this thesis, a comparison between stress echocardiography and
myocardial perfusion scintigraphy has been done, both with exercise (Part
Two, Chapters 2-6) and pharmacological stress (Part Three, Chapter 10 and
11). In all these studies, SPECT revealed the presence of myocardial
ischaemia in more patients than siress echocardiography. The reasons of
these discrepancies have been discussed in Chapter 7. We feel that all the
theoretical mechanisms proposed (small areas of ischaemia with a rapid
recovery, suboptimal echocardiographic views of some myocardial regions,
wall motion abnormalities at rest, maldistribution of coronary blood flow
before ischaemia develops) play an important but not uniformly equal role in
many different clinical settings. Interestingly, the agreement between
echocardiography and SPECT is similar both with exercise and dobutamine
(agreement for ischaemia 77% for exercise and 74 % for dobutamine), with a
higher prevalence of transient perfusion defects without new wall motion
abnormalities in the comparative studies. The slightly lower concordance
(61%) and the higher prevalence of ischaemia at SPECT found with
dipyridamole as a stress agent (Chapter 11) can be explained with the
different mechanism of action of dipyridamole. The vasodilating effect of
dipyridamole causes an imbalance of coronary blood flow in the presence of
coronary artery stenosis, with a "relative” reduction of flow in the affected
area (38). Thus, the prevalence of malperfused myocardial areas without
ischaemia is theoretically higher when a vasodilating agent like dipyridamole
is used, rather than with exercise or "exercise simulation” with drugs.



4) Comparison between different stress modalities

There are very few data on direct comparison between the different
pharmacological stress agents presently used (19.25,39,40). In Chapter 9, we
compared the results of dobutamine and dipyridamole  stress
echocardiography in the same group of patients. We found no statistically
significant differences between the two drugs for the diagnosis of myocardial
ischaemia. with a concordant diagnosis in 693 out of a total of 736 segments
evaluated.

A direct comparison between studies with different selection criteria
and different reference methods is difficuit. In addition, the influence of
antianginal therapy on the tests must be taken into account. Betablockers have
a pronounced effect on dobutamine, and recent data indicate that also
dipyridamoele test is influenced by antianginal drugs (41). When these
differences are kept in mind, the results reported in Chapter 9 are similar to
those reported by Previtali et al (19).

5) The prognostic value of stress echocardiography

The potential role of stress echocardiography as a test for prognostication in
patients after an uncomplicated acute myocardial infarction has been studied
and is reported in Chapter 11. In these low-risk patients, the predictive value
of a positive test was low, and this limits the usefulness of the test for clinical
decision making. However, exercise electrocardiography suffered the same
limitations. Since these patients have a Jow risk anyway, the simple finding
of a blood pressure increase of 30 mmHg or more could be considered a
sufficient predictor of a good prognosis (42). Thus, the best modality of
stress for risk stratification in pest-infarct patients remains to be defined in
larger series.

WHICH IS THE IDEAL STRESS MODALITY IN COMBINATION WITH
ECHOCARDIOGRAPHY?

The practical choice of which type of stress should be coupled with
echocardiography needs some general considerations.
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1) Dynamic exercise remains the most commonly used provocative test of
myocardial ischaemia.

2} Some relevant clinical information obtained during exercise test, e.g.
work load, can not be derived from other types of stress.

3} Pharmacological stress is the ideal combination with echocardiography
both for practical and technical reasons.

However, the conclusion from all the published data is that stress
echocardiography is an useful technique for the evaluation of coronary artery
disease, whatever stress modality is applied. Thus, every cardiological center
should become familiar with stress echocardiography. Ideally, every
echocardiographic laboratory should familiarise themself with more than one
stress modality (possibly a vasodilator and an inotropic agent), in order to
have a flexible approach to individual patients, although the type of stress
used seems less important than being able to perform stress
echocardiography.

LIMITATIONS OF THE STUDIES

Stress echocardiography gains increasing popularity and wide acceptance
among the cardiclogy community. Although the results reported in this thesis
are positive in general, some limitations of the technique must be addressed.

1) Failure to achieve adequate levels of exercise affects the sensitivity of
exercise echocardiography (13). The data presented in Chapter 3 indicate
that § out of 14 patients with a false negative exercise echocardiographic
test did not achieve at least 85% of their age-predicted maximal heart
rate. Thus, the accuracy of exercise echocardiography is clearly affected
by the prevalence of submaximal heart rate response to exercise. It
should be noted that exercise electrocardiography and stress thallium
imaging are aiso dependent on the level of exercise attained (43,44).

2) Exercise electrocardiography is the routine method for functional
evaluation of coronary artery disease. The addition of echocardiographic
monitoring to standard exercise electrocardiographic stress testing
improves both the sensitivity and the specificity of the test for the
diagnosis of myocardial ischaemia (71% vs 55%, p<0.05; 96% vs 81 %,
p <0.05, respectively, Chapter 3).

The comparison of exercise electrocardiography with exercise
echocardiography in this study was based on the evaluation of ST
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segment depression on the 12-lead electrocardiogram. To avoid
interferences with the echocardiographic transducer,
electrocardiographic precordial electrodes were slightly different from
standard lead position. The possibility of an adverse effect of such a
repositioning the electrocardiographic leads on the accuracy of exercise
electrocardiography has not been studied. Theoretically, this suboptimal
methodology could reduce the sensitivity of  exercise
electrocardiography. As far as we know, there are few data in which this
confounding issue has been evaluated (45). Irrespective of these potential
limitations, our findings are in agreement with data of previous studies
(7.8.29).

The same methodological problems could also affect the
electrocardiographic response to pl irmacological stress testing in which
a low sensitivity of an ischaemic response has been found (22,24,28). It
is unlikely, however, that one or two centimeters of differences in a few
precordial leads are responsible for the poor diagnostic value of
pharmacological electrocardiographic stress testing.

The major limitation of stress echocardiography is the subjective
evaluation of the test results. All the studies on stress echocardiography
are reported from centers with a recognized reputation on ultrasound
imaging. It is not proven that the same positive results will be obtained
in centers with less experience. Obviously, stress echocardiography
should not be confined to a few excellent laboratories. To obtain
widespread acceptance of what is becoming the "first-choice"” method for
the diagnosis of myocardial ischaemia in the 90's, the criteria for the
interpretation of the test should be standardized and objective. However,
visual assessment of left ventricular wall motion is often a matter of
argument, expecially for minor degrees of dyssynergy. Training in
analysis of stress echocardiography is clearly impeortant, and it has been
demonstrated that a definite learning curve is necessary to reach
adequate reliability in the interpretation of the test (37). An alternative
approach of quantitative wall motion analysis is warrented (46,47). The
quantitation of regional function involves tracing of endocardial
contours, and is dependent on optimal endocardial visualization. This is
limited in the apical views, due to the parallel orientation of the
ultrasounds with the endocardium. Another problem is related to the
temporal heterogeneity among different myocardial regions of the normal
left ventricle and to the delayed contraction of some segments during
ischaemia (48). Both these factors imply a cumbersome and time-



consuming analysis of several frames of the cardiac cycle, making the
quantitative approach unattractive for clinical practice. The development
of an easy-to-perform quantitative method for left ventricular wall
motion znalysis remains the major challenge for stress echocardiography
in the next decade.

Colorized wall motion analysis has been proposed to improve the
diagnostic quality of a stress echocardiogram (498). The ventricular wall
at end-diastole is colorized in blue and serves as reference for the
superimposed systolic frames depicted in red. Thus, a red rim along the
blue diastolic frame indicates segments which move. This could facilitate
segmental left ventricular wall motion analysis.

4) Data reported in Chapter 5 are derived from the study in Chapter 4 and
the conclusions are not independent. A small part (<10%) of the patient
groups of the studies in Chapter 4 and 6 are also included in the study in
Chapter 2, but since this number is very low the final results and
conclusions will be not affected.

5) Finally, although patients of these studies are consecutive patients who
met the inclusion criteria, coronary arteriography was not performed in a
prospective way, thus a possible referral bias should be taken into
account as well.

CONCLUSIONS

The early over-enthusiastic period of stress echocardiography is now being
replaced by a more realism and consciousness of the problems which are
defined with increasing experience. Not all definitive answers are given yet
to the questions when and in whom to perform a stress echocardiogram. The
results reported in this thesis indicate indeed that stress echocardiography is
useful for the diagnosis of coronary artery disease and myocardial ischaemia.
The evaluation of revascularization procedures, the role in the
prognostication of post myocardial infarction patients, the utility in
stratification of patients before non cardiac surgery, and the identification of
viable myocardium are only the most attractive aspects of the development of
stress echocardiography in the coming years.
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TABLE 1.

DIAGNGSTIC VALUE OF EXERCISE ECHOCARDIOGRAPHY IN PATIENTS
WITH SUSPECTED CORONARY ARTERY DISEASE

STUDY REF Nr MED ANGIO NrCAD 1-VD SENS SPEC
Morganroth 2 32 Yes Visual 21 4 48 91
Maurer 3 36 Yes Visual 23 6 83 92
Limacher 4 40 Yes Visual 24 7 79 04
Visser 5 33 ? Visual 20 ? 70 92
Iliceto 6 35 No Visual 16 8 56 95
Armstrong 7 73 No QCA 51 22 78 86
Ryan 8 64 Yes Visual 40 25 78 100
Sawada 9 57 ‘1"es Visual 28 17 78 36
Sheikh 10 34 Yes QCA 21 21 81 92
Pozzoli 11 75 Yes - Visual 49 33 71 96
Galanti 12 53 No Visual 27 14 93 96
Crouse 13 228 Yes Visual 175 66 97 64
Quinones 14 112 Yes 7 86 41 74 88
Marwick 15 85 Yes Visual 59 34 65 89
Hecht 16 143 Yes Visual 100 ? 61 86
Total 1110 740 298 81 g7

Nr = number of patients; MED = antianginal therapy; NrCAD = number of

patients with coronary artery disease; 1-VD = number of patients with
single-vessel disease; QCA = quantitative analysis of coronary
arteriography.

169



TABLE II.

PIAGNOSTIC VALUE OF DOBUTAMINE STRESS ECHOCARDIOGRAPHY
IN PATIENTS WITH SUSPECTED CORONARY ARTERY DISEASE

STUDY REF Nr MED ANGIO NrCAD 1-VD SENS SPEC
Sawada 17 55 Yes QCA 35 21 89 85
Cohen 18 70 No Visual 51 16 86 a5
Previtali 19 35 No Visual 28 16 68 100
Segar 20 51 ? QCA 30 ? 90 86
Mazeika 21 36 No Visual 23 11 65 180
Salustri 22 38 Yes QCA/Vis 25 13 60 83
Marcovitz 23 53 Yes Visual 30 ? 87 91
Forster 24 21 Yes Visual 12 4 75 89
Marwick 25 97 Yes Visual 59 31 85 82
Total 456 203 102 80 88

Legend as in Table 1.
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TABLE III.

DIAGNOSTIC VALUE OF DIPYRIDAMOLE STRESS ECHOCARDIOGRAPHY

IN PATIENTS WITH SUSPECTED CORONARY ARTERY DISEASE

STUDY REF Nr MED ANGIO NrCAD 1-VD SENS SPEC
Picano 26 76 No Visual 53 ? 75 100
Masini 27 68 No Visual 26 7 77 93
Previtall 19 35 No Visual 28 16 57 100
Salustri 28 34 Yes QCA/Vis 16 ? 75 89
Toral 213 125 71 94

Legend as in Table I.
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TABLE IV

COMPARISON OF SELECTION CRITERIA, PROTOCOL OF INFUSION, AND
CRITERIA OF A POSITIVE TEST IN THE STUDIES ON DOBUTAMINE
STRESS ECHOCARDIOGRAPHY.

STUDY REF SELECTION PROTOCOL CRITERIA OF +
Sawada 17 *risk up to 30 < wall thickening or
*chest pain every 3’ wall motion compared
*known CAD with the previous stage
(Digirtal)
Cohen 18 chest pain up to 40 new WMA not present at
every 3' baseline
(Digital)
Previtali 19 Chest pain up to 40 new or worsened WMA
every 3’ (Videotape)
Segar 20 No clinical up to 30 a lack of increase in
data every 3' wall motion/thickening
was considered abnormal
(Digiral)
Mazeika 21 Suspected CAD up to 20 Hew or worsening
every &' regional asynergy

{Videotape)

Salustri 22 Chest pain up to 40 new or worswned WMA
every 3’ (Both)
Marcovitz 23 *chest pain up to 30 *normal =hyperdynamic
*post MI wall motion during
*risk dobutamine infusion
*others *ischemic = dyssynergy

developed during
dobutamine infusion

(Both)
Marwick 25 Chest pain up to 40 lack of improvement
) every 3' and/or worsening of

wall motion
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TABLE V.

COMPARISON OF STRESS ECHOCARDIOGRAPHY AND EXERCISE
ELECTROCARDIOGRAPHY FOR THE DETECTION OF CORONARY
ARTERY DISEASE.

ECHO ECG
STUDY REF Nr STRESS Sens  Spec Sens  Spec
Morganroth 2 32 5B 48 91 62 91
Maurer 3 36 TR 83 92 52 77
Limacher 4 40 TR 79 94 71 94
Armstrong 29 39 TR 80 87 59 89
Ryan 8 64 TR 78 100 60 50
Pozzoli 11 75 UB 71 96 35 81
Galanti 12 53 UB 93 96 78 65
Crouse i3 228 TR 97 64 51 62
Marwick 15 61 TR 84 87 58 74
Mazeika 21 36 DOB 65 100 65 69
Salustri 22 35 DOB 62 67 46 89
Picano 26 76 DIP 75 100 67 71
Masini 27 68 DIP 77 93 69 52
Total 863 76 90 61 74

SB = supine bicycle; UB = upright bicycle; TR = treadmill.
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TABLE VI.

COMPARISON OF STRESS ECHOCARDIOGRAPHY AND NUCLEAR
TECHNIQUES FOR THE DETECTION
OF CORONARY ARTERY DISEASE.

ECHO NUCLEAR

STUDY REF Nr NUCLEAR Sens Spec Sens Spec
Limacher 4 41 RNV 92 88 71 82
Visser 5 35 RNV 76 92 91 100
Crawford 34 18 RNV 8% 92 77 100
Wann 35 ' 16 Th-EX 55 100 73 100
Maurer 3 36 Th-EX 83 92 74 92
Pozzoli 11 75 MIBI-EX 71 96 84 88
Salustri 36 30 MIBE/Th-EX 76 85 82 69
Galanti 12 53 Th-EX 93 96 100 92
Quinones 14 112 Th-EX 74 88 76 81
Forster 24 21 MIBI-DOB 75 89 83 8%
Marwick 25 97 MIBI-DOB 85 82 80 74

Totale 534 79 91 81 88

RNV = radionuclide ventriculography.
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SUMMARY

Transient wall motion abnormalities are a very specific sign of myocardial
ischaemia. Technical improvements in cardiac ultrasound systems provide the
basis for detection of such abnormalities by two-dimensional
exhocardiography.

This study is based on the results of application of different stress
meodalities with echocardiography in different clinical conditions. These are
compared with those obtained with myocardial scintigraphy, the traditional
method for detecting myocardial ischaemia. The studies in this thesis are
divided into four parts. The first is an iotroduction on stress
echocardiography, the second deals with exercise echocardiography, the third
reports the results obtained with pharmacological stress echocardiography,
and in the fourth a brief review of the state-of-the-art of this technique is
given.

~ Chapter 1 presents a review of the pathophysiological basis of stress
echocardiography, with a description of the echocardiographic signs of
myocardial ischaemia. The different types of stress commonly used are
described, with the protocols used at the Thoraxcenter of the University
Hospital in Rotterdam. The application of digital system acquisition of images
is outlined. Fimally, the differences beiween stress echocardiography and
myocardial perfusion scintigraphy are discussed, along with practical
advantages of each method.

The application of exercise echocardiography in clinical practice and
the comparison with myocardial scintigraphy are reported in Part Two.
Exercise echocardiography proved to be a feasible test for the non-invasive
diagnosis of myocardial ischaemia, with a good overall agreement with
myocardial scintigraphy {(chapter 2). However, there was a trend for a higher
prevalence of tramsient perfusion defects when ischaemia occurred in the
inferior or posterolateral areas, or in patients with previous myocardial
infarction. In a group of 75 patients with normal ECG at rest (chapter 3),
sensitivity and specificity of exercise echocardiography for the diagnosis of
coronary artery disease were 71% and 96%, respectively, similar to those
obtained with myocardial scintigraphy.

In order to clarify these preliminary findings, we evaluated with the
same modalities patients with isolated single-vessel stenoses of different
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severity evaluated by caliper (chapters 4 and 5). A delay in recording
echocardiographic images lowered the potential value of exercise
echocardiography. SPECT detected more patients with “ischaemia”,
expecially when stenoses of intermediate severity were present.

As a consequence of these encouraging results, exercise
echocardiography was applied for evaluating patients prior to percutaneous
transiuminal coronary angloplasty. The results of this study, reported in
Chapter 6, confirm that exercise echocardiography compares favourably with
SPECT imaging, and 1s particularly suitable for the assessment of the
functional resuits of revascularization procedures with PTCA.

Finally, a general review on the comparison between exercise
echocardiography and SPECT is reported in Chapter 7.

The value of dobutamine stress echocardiography in clinical practice
is reported in Chapter 8. The test is feasible and safe, with a sensitivity and
specificity for detection of coronary artery disease (with quantitative
measurements of coronary artery diameter) of 54% and 80%, respectively.
Despite  this suboptimal value of sensitivity, dobutamine stress
echocardiography showed a favourable trend in comparison with exercise
electrocardiography, expecially in patients with single-vessel disease.

The results of a direct comparison between dobutamine and
dipyridamole as stress agents are reported in Chapter 9. Despite the different
mechanism of action, dobutamine and dipyridamole stress echocardiography
showed similar results in terms of diagnostic accuracy and side effects.

The results of combined echo/SPECT studies in 105 patients during
dobutamine stress test are discussed In Chapter 10. There was a good
agreement between the two techniques, both for the final diagnosis of
myocardial 1schaemia and for the regional analysis. The agreement was
higher in patients without previous myocardial infarction.

Finally, the value of dipyridamole stress echocardiography for risk
stratification after uncomplicated myocardial infarction is discussed in
Chapter 11. In this clinical setting, reversible perfusion defects were more
frequent than transient wall motion abnormalities, perhaps reflecting flow
heterogeneity without true ischaemia. However, the prognostic information
that we obtained were disappointing.

The informations from this study suggest that stress echocardiography
is a versatile technique for non-invasive evaluation of coronary artery disease
and myocardial ischaemia. It offers some clear advantages on myocardial
scintigraphy, and therefore it should be preferred in most clinical conditions.
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SAMENVATTING

Tijdelijke wand beweging stoornissen van het hart zijn kenmerkend voor
ischemie. Vooruitgang van de echografische techniek heeft de basis gelegd
voor het opsporen van deze afwijkingen door midde! van twee-dimensionale
echocardiografie.

Deze studie is gebaseerd op de resultaten van stress echocardiografie
in verschillende klinische omstandigheden. Tevens worden de resultaten van
stress echocardiografie vergeleken met hart scintygrafie, een meer gangbare
nucleaire methode voor het opsporen van hart ischemie. De studie is
onderverdeeld in vier hoofdstukken. Het eerste hoofdstuk is een inleiding
over stress echocardiografie, het tweede behandeld inspanning
echocardiografie, het derde de resultaten verkregen met medicamenteuze
geinduceerde stress en echografische beoordeling van het hart en het vierde
hoofdstuk is een overzicht van de huidige stand van zaken van deze nicuwe
techniek.

Hoofdstuk 1 is een overzicht van de pathofysiologie van stress
echocardiografie, met een omschrijving van de echografische kenmerken van
het ischemische hart. De verschillende methoden om stress te induceren die
in het Thoraxcentrum van de Erasmus Universiteit gangbaar zijn, worden
beschreven. De toepassing van het "digital" systeem voor het verkrijgen van
afbeeldingen wordt toegelicht. Ten slotte zullen de verschillen tussen stress
echocardiografie en hart perfussie scintygrafie worden besproken met hun
praktische toepassing.

Het toepassen van inspanning echocardiografie in de klinische praktijk
en de vergelijking met hart scintygrafie wordt besproken in hoofdstuk 2.
Inspanning echocardiografie is een goed uitvoerbare niet invasieve techniek
om hart ischemie te detecteren, vergelijkbaar met hart scintygrafie. Perfussie
scintygrafie van het hart toont vaker tijdelijke defecten aan als uiting van
ischemie in het inferior en posterior-lateraal gedeelte van het hart, of in
gebieden met een oud hart infarct.

In een groep van 75 patienten met een normaal ECG In rust
(hoofdstuk 3) de sensitiviteit en specificiteit van inspanning echocardiografie
voor de diagnose van coronair lijden was 71% en 96%, gelijkwaardig aan
hart scintygrafie. Ten einde hier in duidelijkheid te brengen, werden beide
onderzoek mogelijkheden toegepast bij patienten met een geisoleerde een taks
vaatlijden met een stemose van wisselend kaliber, vast gesteld door de caliper
(hoosdstuk 4 en 5). Een vertraging van de echografische opname na
inspanning verminderd de diagnostische waarde van dit onderzoek. Spect
detecteerde meer patienten met hart ischemie, met pame wanneer er een
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matig ernstige stenose aanwezig was.

Als gevolg van deze veel belovende resultaten, werd inspanning
echocardiografie toegepast bij patienten waar voor een PTCA procedure was
afgesproken. De resultaten van deze studie worden gepresenteerd in
hoofdstuk 6, en bevestigen dat inspanning echocardiografie gunstig afsteekt
met SPECT, en is voor al geschikt voor het evalueren van het functionele
resultaat van een PTCA procedure.

Ten slotte wordt een algemeen overzicht gegeven over de vergelijking
tussen echocardiografie en SPECT in hoofdstuk 7.

De waarde van dobutamine stress echocardiografie in de dagelijkse
praktijk wordt beschreven in hoofdstuk 8. De test is goed uitvoerbaar en
veilig, met een sensitiviteit en specificiteit voor coronair lijden van 54% en
respectievelijk 80%. De niet optimale sensitivitiet waarde kan verschillende
redenen hebben, waarbij de voormaamste het gebruik vam betablocker
medicatie is als anti-angineuze medicatie die echter ook een amtagomist van
dobutamine is. In vergelijking met inspanning echocardiografie lijkt
dobutamine stress echocardiografie een beter diagnostische waarde te hebben
voor coronair lijden, vooral in patienten met een taks coronair lijden.

Een vergelijking tussen deze twee medicijnen in dezelfde patienten
wordt gepresenteerd in hoofdstuk 9. Hoewel deze medicijnen een verschillend
werking mechanisme hebben, vertonen dobutamine en dipyridamole stress
echocardiografie een zelfde diagnostische waarde en bijwerkingen.

De  resultaten van  gecombineerde  echocardiografie/SPECT
onderzoeken in 105 patienten onder dobutamine stress worden beschreven in
hoofdstuck 10. Er is een goede overeenkomst tussen beide techieken, zowel
voor de diagnose van hart ischemie als voor regionmale afwijkingen. De
cvereenkomst was beter in patienten die een hart infarct hadden door
gemaakt.

De waarde van dipyridamole stress echocardiografie voor risico
stratificatie na een hart infarct wordt beschreven in hoofdstuk 11. In deze
patienten groep komen tijdelijke perfussie stoornissen vaker voor dan
tijdelijke wand beweging stoornissen, mogelijk veroorzaakt door redistributie
van bloed dan werkelijke ischemie. De prognostische waarde van deze
bevindingen wordt tevens vermeldt. De informatie van deze studie suggereert
dat stress echocardiografie een veel belovende niet invasieve techniek is voor
de evaluatie van coronair lijden en myocard ischemie. Het heeft duidelijke
voordelen op myocard scintygrafie enm zou derhalve de voorkeur moeten
hebben in de meeste omstandigheden.
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